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FOREWORD 


Purpose  of  the  Environmental  Studies 

The  National  Environmental  Policy  Act  of  1969  directs  that  all 
agencies  of  the  Federal  Government  "include  in  every  report  on  pro¬ 
posals  for  legislation  and  other  major  Federal  actions  significantly 
affecting  the  quality  of  the  human  environment,  a  detailed  statement 
...on  the  environmental  impact  of  the  proposed  action."  The  Act 
deals  only  with  proposed  actions.  However,  in  keeping  with  the  spirit 
of  the  Act,  the  U.S.  Army  Corps  of  Engineers  has  developed  its  own 
policy  that  requires  such  reports  on  projects  it  has  completed  and 
for  which  continuing  operational  and  maintenance  support  are  required. 

In  keeping  with  its  policy,  on  January  15,  1973,  the  St.  Paul 
District  of  the  U.S.  Army  Corps  of  Engineers  contracted  with  the 
North  Star  Research  and  Development  Institute  to  prepare  a  report 
assessing  the  environmental  impact  of  the  Corps  of  Engineers' 
operations  and  maintenance  activities  on  the  Mississippi  River 
from  the  head  of  navigation  in  the  Minneapolis,  Minnesota,  to 
Guttenberg,  Iowa.  Included  also  are  the  Minnesota  and  St.  Croix 
Rivers  from  their  respective  heads  of  navigation  at  Shakopee  and 
Stillwater,  Minnesota  to  the  Mississippi  River.  This  portion 
of  the  Mississippi  River  basin  will  subsequently  be  termed  the 
"Northern  Section"  of  the  upper  Mississippi  River,  the  "study  area", 
or  the  St.  Paul  District. 

The  Corps  of  Engineers  has  been  active  in  the  Northern  Section 
since  the  1820 ' s ,  when  they  first  removed  brush  and  snags  from  the  river 
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to  permit  navigation  as  far  as  Fort  Snell ing.  Later  in  the 
1870' s,  further  improvements  were  made,  primarily  through  construction 
fo  wing  dams,  to  deepen  and  maintain  the  channel.  Presently,  the 
river  in  the  study  area  consists  of  a  series  of  pools,  which  were 
created  by  the  construction  of  navigation  locks  and  dams  in  the  1930's 
Several  recreation  areas  along  the  river  were  also  built  by  the  Corps. 

The  purpose  of  the  enivronmental  impact  study  is  to  assess  the 
impacts,  both  positive  and  negative,  of  the  Corps'  activities  on  the 
Northern  Section.  These  activities  are  defined  as  operations  and  main 
tenance  activities  and  mainly  include  operations  of  facilities 
(lock  and  dams)  and  maintenance  of  the  navigation  channel  (dredging). 
Actually,  the  impacts  on  the  environment  of  the  earliest  operations 
are  also  being  sought,  but  most  of  the  information  will  concern 
those  of  the  present  navigation  system. 

The  studies  are  designed  not  only  to  identify  the  impacts,  but 
to  assess  their  effects  on  both  the  natural  and  social  environment. 
Such  impacts  may  include  effects  of  river  transportation  on  the  area 
economy,  effects  of  creation  of  the  pools  on  recreational  activities 
and  wildlife  habitat,  effects  of  dredge  spoil  disposal  on  the  natural 
ecosystem  and  on  recreation,  and  many  others.  As  a  result  of  identi¬ 
fication  and  assessment  of  the  impacts,  it  may  be  possible  to  suggest 
ways  of  operating  the  facilities  and  maintaining  the  navigation  and 
recreation  system  to  amplify  the  positive  and  minimize  the  negative 
results  of  the  Corps',  activities.  The  study  will  provide  a  com¬ 
prehensive  basis  for  the  St.  Paul  District  to  prepare  an  environmental 
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impact  statement  consistent  with  the  National  Environmental  Policy 
Act  of  1969  and  the  policy  of  the  U.  S.  Army  Corps  of  Engineers. 


Scope  of  Current  Report 

The  present  report  covers  the  entire  study  program  only  from 
January,  1973  through  November,  1973.  The  report  contains  both 
historical  information  and  data  collected  in  the  field  from  activities 
such  as  water  sampling  and  wildlife  observation. 

Research  Approach 

Three  aspects  of  the  research  approach  used  in  the  study  are: 

(1)  the  benchmark  point  in  time,  (2)  data  collection  and  analysis  on 
the  natural  systems,  and  (3)  data  collection  and  analysis  on  the 
socioeconomic  activities. 

Benchmark  Time  Period 

In  order  to  analyze  the  impact  of  the  activities  of  the  Corps 
of  Engineers  on  the  Northern  Section  of  the  Upper  Mississippi 
River,  it  is  necessary  to  select  a  time  period  that  can  serve  as 
a  benchmark.  This  benchmark  represents  the  state  of  the  Mississippi 
River  prior  to  the  time  activities  related  to  the  nine-foot  channel 
were  initiated.  As  the  nine-foot  channel  project  was  constructed 
in  the  1930's,  the  preconstruction  benchmark  was  taken  as  1930. 
Wing-dams  were  built  and  other  Corps'  activities  took  place  prior 
to  1930,  however,  and  earlier  data  were  also  used  where  they  were 
readily  available.  The  preconstruction  benchmark  data  were  obtained 
from  available  reports  and  from  a  variety  of  other  sources  cited  at 
the  end  of  each  section. 


The  impacts  of  Corps'  activity  on  the  natural  environment  for 
a  given  pool  were  determined  by  the  individual  investigator 
responsible  for  that  particular  pool.  The  Northern  Section  of  the 
upper  Mississippi  River  was  subdivided  into  fourteen  distinct 
segments  for  purposes  of  study  of  the  natural  environment:  Pools 
1  through  10,  Pool  5A  (lying  between  Pools  5  and  6),  the  Upper  and 
Lower  Saint  Anthony  Falls  (SAF)  Pools  (a  single  report  covers  both 
pools),  the  Minnesota  River,  and  the  St  Croix  River.  A  segment  was 
assigned  to  an  investigator  on  the  natural  sciences  team  as  listed 
below: 


Number  of 
River 
Segments 
Involved 

Total 

Length  in 

River 

Miles  River  Segment 

Responsibility 

Organization 

5 

92.4 

Upper  and  Lower 
Pools,  Pool  1, 
Pool  2,  Minne¬ 
sota  River  and 
St.  Croix  River 

Roscoe  Colingsworth  North  Star  Re¬ 
search  and  Dev¬ 
elopment  Insti¬ 
tute,  Minneapo¬ 
lis,  Minnesota 

1 

18.3 

Pool  3 

Edward  Miller 

St.  Mary’s  Col¬ 
lege,  Winona, 
Minnesota 

4 

82.  S 

Pools  4,  5,  5A 
&  6 

Calvin  Fremling 

Winona  State  Col¬ 
lege,  Winona, 
Minnesota 

2 

35.1 

Pools  7  &  8 

Thomas  Claflin 

River  Studies 
Research  Group 
University  of 
Wisconsin,  La 
Crosse,  Wisconsin 

1 

31.3 

Pool  9 

James  Eckblad 

Luther  College, 
Decorah,  Iowa 

Number  of 

Total 

River 

Length  of 

Segments 

River 

Involved 

Miles  River  Segment 

Responsibility 

Organization 

1 

32.8  Pool  10 

Edward  Cawley 

Loras  College, 
Dubuque, 

Iowa 

Because  different  problems  arise  in  different  segments  of  the  river,  each 
investigating  team  used  its  own  judgement  in  conducting  its  studies. 
However,  North  Star— in  conjunction  with  the  investigators  cited 
above— developed  general  guidelines  for  conducting  the  field  studies, 
acquiring  data,  and  presenting  the  data  in  a  final  report.  This 
required  that  North  Star  develop  a  reporting  format  that  could  be  used 
for  all  pool  reports  so  that  the  series  of  reports  would  have  max¬ 
imum  utility  and  comparability. 

Analysis  of  Socioeconomic  Activities 

The  socioeconomic  analysis  for  all  pools  in  the  study  area 
was  conducted  by  a  team  including  Dr.  C.W.  Rudelius  of  the  University 
of  Minnesota  and  William  L.K.  Schwarz  of  North  Star.  The  socioeconomic 
impacts  were  analyzed  by  the  same  team  for  all  fourteen  segments  of 
the  Northern  Section  because  substantial  economies  in  data  collection 
were  possible  with  this  approach.  The  initial  data  for  each  pool  were 
collected  and  then  were  submitted  for  review  and  updating  to  the 
investigator  analyzing  the  natural  systems  for  that  pool.  The  suggestions 
of  these  investigators  were  incorporated  in  the  socioeconomic  portions 
of  each  pool  report. 


Since  the  Corps  is  required  to  submit  an  environmental  impact 
statement  for  each  pool  and  tributary  in  the  Northern  Section  on  which 
they  carry  out  operation  and  maintenance  activities,  this  study  is 
being  carried  out  and  reported  on  by  pool  (and  tributary). 

The  present  report  deals  only  with  Pool  8  on  the  upper  Mississippi 
River  described  in  detail  in  subsequent  pages.  Background  information 
that  applies  to  two  or  more  pools  in  the  study  area  appears  as  a 
portion  of  each  appropriate  report.  This  is  necessary  since  the  report 
on  each  pool  must  be  capable  of  being  read  and  understood  by  readers 
who  are  interested  only  in  a  single  pool. 

The  overall  objectives  of  this  report  are  to  identify  and  provide 
an  assessment  of  the  impacts  of  the  Corps  of  Engineers  activities 
related  to  Pool  8.  Specifically,  following  this  section,  the  report 
is  in  the  format  required  for  the  Environmental  Impact  Statement,  and 
seeks: 

1.  To  identify  the  environmental,  social,  and  economic 
impacts  of  the  Corps  activities  related  to  Pool  8. 

2.  To  identify  and,  where  possible,  measure  the  beneficial 
contributions  and  detrimental  aspects  of  these  impacts 

and  draw  overall  conclusions  about  the  net  effects  of  Corps' 
activities. 

3.  To  recommend  actions  and  possible  alternative  methods  of 
operations  that  should  be  taken  by  the  Corps  of  Engineers 
and  other  public  agencies  and  private  groups  to  reduce 


detrimental  aspects  of  the  project. 

4.  To  identify  additional  specific  research  needs  to  assess 
the  impacts  and  increase  the  net  benefits  of  Corps 
operations. 

The  report  includes  an  analysis  of  natural  and  socioeconomic  systems. 
The  natural  systems  include  terrestrial  and  aquatic  plant  and  animal 
life  as  well  as  the  nature  of  the  land  and  quality  of  the  water. 
Socioeconomic  systems  include  industrial  activities,  such  as  income 
and  employment  generated  by  barge  traffic  or  activities  in  operating 
the  locks  and  dams  and  commercial  fishing;  recreational  activities, 
such  as  fishing,  boating,  or  hunting  that  are  affected  by  Corps 
operations;  and  cultural  considerations,  which  include  archaeological 
and  historical  sites. 


1.  PROJECT  DESCRIPTION 

Lock  and  Dam  No.  8  is  located  679.2  river  miles  above  the 
mouth  of  the  Ohio  River  and  is  the  11th  of  13  like  structures  down- 
in  the  canalized  section  of  the  Mississippi  River  in  the  St.  Paul 
District.  The  structure  is  23.3  miles  below  lock  and  dam  No.  7 
and  31.3  miles  above  lock  and  dam  No.  9.  The  main  lock  system  is 
located  on  the  Wisconsin  side  of  the  main  channel  of  the  Mississippi 
River  (Figures  1-5). 

A  movable  dam  section  consisting  of  5  roller  gates  and  10 
tainter  gates  extends  from  the  auxiliary  lock  to  the  right  bank  of 
the  main  channel.  An  earth  dike  connects  to  the  end  of  the  movable 
dam  and  angles  for  a  total  distance  of  15,720  feet  across  bottom  land 
area  and  ties  into  higher  ground  on  the  Minnesota  side  of  the  valley. 
The  dam  circumvents  Reno  Bottoms  at  its  upstream  perimeter.  This 
latter  area  is  subsequently  contained  in  Pool  No.  10.  Submersible 
dam  sections  of  938  feet  and  -1337  feet  respectively  are  located  in 
two  sections  of  the  earthen  dam.  The  combined  structures  are  de¬ 
signed  for  a  lift  of  11  feet  in  pool  elevation  which  provides  for  a 
9-foot  channel  upstream  to  Lock  and  Dam  No.  7. 

Pool  8  is  the  third  longest  of  the  13  project  pools  in  the  St. 

Paul  District  and  in  the  lower  reach  above  Lock  and  Dam  No.  8 
has  one  of  the  broader  expanses  of  water  surface  relatively  unbroken 
by  interspersed  islands. 

Goose  Island,  located  in  the  pool  just  downstream  from  LaCrosse, 


Wisconsin,  is  one  of  the  largest  Corps  administered  land  areas  in 
the  district  that  is  completely  surrounded  by  pool  water. 

Two  tributary  rivers  enter  the  Mississippi  River  in  Pool  8. 

The  Root  River  enters  from  the  Minnesota  side  and  the  LaCrosse  River 
enters  from  the  Wisconsin  side.  The  original  confluence  of  the 
Black  River  was  located  in  what  is  now  Pool  No.  8;  however,  it 
now  enters  and  mixes  with  the  water  of  Navigation  Pool  No.  7. 

The  principal  features  of  the  pool  are  summarized  below: 

A.  Length  of  pool  23.3  river  miles 

B.  River  Miles  679.2  to  702.5 

C.  Pool  elevation  (flat  pool)  631.0 

D.  Area  of  pool  (water)  20810 

E.  Shoreline  (perimeter)  85  miles 

F.  Land  above  flat  pool 


10282  acres 


2.  ENVIRONMENTAL  SETTING 


INTRODUCTION 

The  environmental  setting  of  the  project  covered  in  this  section 
is  divided  into  (1)  the  natural  setting  and  (2)  the  socioeconomic 
setting  and  includes  a  description  of  the  study  area  from  prior  to 
the  authorization  of  the  nine-foot  channel  (1930)  up  to  the  present 
time.  Lock  and  dam  No.  8  was  opened  to  navigation  in  1937.  Thus 
because  the  project  under  consideration  was  initiated  approximately 
40  years  ago,  it  is  difficult  to  reconstruct  accurately,  the  natural 
and  socioeconomic  setting  existant  prior  to  the  construction  phase. 
There  are  these  three  reasons  for  this  difficulty: 

1) .  lack  of  precise  data  on  the  environmental  setting  prior  to 

1930. 

2) .  the  difficulty  in  isolating  some  changes  in  the  river 

environment  due  to  the  nine- foot  channel  from  those  caused 
by  the  earlier  4  1/2  and  6  foot  channels  or  by  increased 
population  and  industrialization  along  the  river;  and 

3) .  the  practical  emphasis  on  reducing  the  environmental  impact 

of  operating  and  maintaining  the  nine-foot  channel  assuming 
its  continuation— not  eliminating  it  entirely. 

Therefore,  the  descriptions  of  the  pre-project  environmental  settings, 
particularly  the  socioeconomic,  in  this  section  were  constructed 
from  available  published  information  and  are  of  necessity  brief  and  not 
compl ete . 
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In  the  discussion  of  the  environmental  impact  of  the  project 
later  in  Section  3,  an  attempt  has  been  made  to  identify  changes  in 
the  study  area  occurring  in  the  past  four  decades  that  are  att¬ 
ributable  to  the  nine-foot  channel  project. 

History  of  the  River  Basin 

The  exact  age  of  the  Mississippi  River  is  not  known.  The 
existing  gorge  was  probably  cut  prior  to  the  Wisconsin  stage  of 
the  glacial  period.  In  fact  it  appears  that  the  gorge  may  be  pre¬ 
glacial.  The  gorge  was  partially  filled  with  glacial  outwash  during 
the  drift  period.  Terrace  formation  occurred,  depositing  the  first 
terrace  at  a  height  of  over  100  feet  above  the  present  floodplain. 
Following  the  filling  of  the  river  gorge,  a  period  of  terrace  cutting 
occurred,  leaving  remnants  of  terraces  along  the  lower  borders  of 
the  bluffs.  Many  of  these  terraces  have  since  been  cut  by  tributary 
streams.  This  change  from  deposition  to  erosion  is  related  to  the 
large  volume  of  water  from  the  southward  flow  from  Lake  Agassiz.  The 
water  being  derived  from  an  extremely  large  lake  carried  little  or 
no  sediment  for  deposition  in  the  river  basin.  The  third  stage  in 
the  development  of  the  Mississippi  River  was  a  period  of  floodplain 
deposition.  With  the  pronounced  decrease  in  flow  due  to  the  lack 
of  glacial  melt  water,  the  river  became  dependent  upon  rainfall  and 
runoff  from  its  own  basin.  Since  it  could  not  carry  the  sediment  load 
delivered  by  its  tributaries  and  the  head  water,  deposition  resumed 

i 

and  is  occurring  at  the  present  time. 
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The  sand  processes  probably  occurred  in  the  tributary  streams, 
particularly  those  that  enter  the  Mississippi  River  in  the  driftless 
area. 

Navigation  Pool  No.  8  now  occupies  an  area  that  was  once  low 
lying  marsh,  meadow,  and  low  wetland  forest.  The  channel  of  the 
Mississippi  River  meandered  through  the  wide  floodplain,  and  formed 
a  large  number  of  oxbow  channels  and  sloughs  on  the  floodplain. 

The  Floodplain 

Where  ttie  Mississippi  River  is  contained  within  a  gorge  as 
in  the  a rr-k  of  Pool  Na  8,  the  floor  of  the  gorge  shows  two  conspicuous 
features:  \.  the  floodplain  of  the  river,  which  occupies  most  of 
the  bottomland,  and  B.  the  terraces,  which  are  narrow  and  discontinuous. 
The  floodplain  slopes  southward  from  an  elevation  of  675  feet  at 
Prescott,  Wisconsin,  to  592  feet  at  Dubuque,  Iowa.  The  distance  between 
these  points  being  260  river  miles,  the  grade  of  the  river  is  slightly 
less  than  four  inches  per  mile.  The  floodplain  material  is  clay,  silt 
and  loam,  sometimes  sandy,  and  often  dark  with  organic  matter.  This 
topsoil  is  underlain  by  several  feet  of  sand,  which  often  grades  into 
coarse  gravel  from  3  to  6  feet  below  the  surface.  The  basin  abounds 
with  pools  and  small  lakes  where  decaying  vegetation  constitutes  the 
floodplain  material.  This  surface  material,  however,  is  extremely  thin 
compared  with  the  great  thickness  of  glacial  outwash  below. 

Cl imate 


The  climate  in  the  area  of  Pool  No.  8  is  a  humid-continental 
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of  the  LaCrosse  River  lies  within  the  terrace  near  the  base  of  the 
Wisconsin  bluff.  The  northern  end  of  this  terrace  is  cut  into 
several  parts  between  the  LaCrosse  River,  the  Black  River,  and  the 
French  Slough  on  the  Mississippi  River.  Whereas  there  is  only  one 
terrace  preserved  at  LaCrosse,  one  of  the  lower  of  the  Mississippi 
River  Series,  there  are  three  or  four  located  north  of  Onalaska.  The 
levels  represented  are  1).  the  20-35  foot  terrace  of  Brices  Prairie, 
French  Island,  North  LaCrosse,  and  Onalaska  2).  the  50  foot  terrace 
east  of  North  LaCrosse,  and  3).  the  80  foot  terrace  upon  which  rests 
Onalaska.  Irregularities  can  be  seen  on  this  terrace  due  to  sand 
dune  formation. 

These  terrace  provide  a  suitable  place  for  people  to  settle  and 
populate.  However,  outwash  from  these  terraces  tends  to  create 
uniformity  in  the  floodplain  by  filling  small  channels.  Since  terraces 
are  formed  from  relatively  unstable  materials,  this  tendency  can 
be  observed  within  the  floodplain  of  the  Mississippi  River.  Thus 
an  elevation  in  water  level  of  only  a  few  feet  has  resulted  in  the 
inundation  of  thousands  of  acres  of  lowland. 

Soils 

The  soils  in  the  area  of  Pool  No. 8  have  been  derived  from  a 
variety  of  parent  materials.  In  a  few  places,  particularly  on  the 
steep  slopes  in  the  Driftless  areas,  on  the  escarpments  overlooking 
the  Mississippi  River,  the  soils  are  derived  directly  from  weathering 
of  the  bedrock  materials.  In  the  majority  of  the  watershed,  however, 
the  soils  are  derived  from  the  covering  materials.  This  is  most 
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commonly  glacial  till,  but  in  some  areas,  alluvium  and  loess  predominate. 

The  weathering  of  this  till,  however,  has  taken  place  under  a  veg¬ 
etative  covering  of  one  kind  or  another,  and  has  resulted  in  the 
predominance  of  the  following  soil  types:  Gray-Brown  Podzolic  soils, 

Brunizems,  Bog  soils.  Alluvial  Soils  and  Regosols.  The  podzolic  soils 
consist  of  loess  or  alluvial  silts,  sand,  weathered  products  of 
sandstone,  or  red  clay.  These  soils  have  formed  under  deciduous  trees 
in  a  temperate  continental  climate.  The  Brunizems  have  formed  in  a 
temperate  humid-continental  climate  under  a  cover  of  tall  grasses. 

The  Bog  soils  have  formed  in  areas  where  muck  and  peat  predominate,  on 
the  lower  edges  of  the  terraces  in  the  river  basins.  Alluvial  soils 
are  forming  from  material  recently  deposited  on  floodplains.  The 
Regosols  are  made  up  of  deep  soft  mineral  deposits  in  which  few  or 
no  clearly  expressed  soil  characteristics  have  developed. 

The  loess  cap  which  covers  the  southern  one-half  of  the  state 
of  Wisconsin,  lies  as  a  blanket  over  the  other  parent  soil  types  and 
can  be  found  as  deep  as  16  feet  in  some  areas  of  the  Mississippi 
River  floodplain.  Composed  of  silt  size  particles,  it  is  uniform 
in  distribution  and  chemical  composition.  Whereas  one  might  expect 
to  find  different  vegetational  patterns  in  the  driftless  area  because 
of  the  exposure  and  weathering  of  ancient  rocks,  as  opposed  to  glacial 
till,  the  loess  cap  provides  a  constant  substrate  of  recent  origin 
for  vegetation  to  develop  on,  thus  obscuring  any  effect  of  the  original 
rock  type. 


WATER 


Natural 

The  term  water  quality  will  be  used  to  describe  the  natural, 
unaltered  characteritics  of  the  water  received  by  Navigation  Pool 
No.  8  from  the  Mississippi,  LaCrosse,  and  Root  Rivers. 

Since  most  of  the  geological  features  in  the  uppermost  portion  of  the 
watershed  are  old  Cambrial  formations,  the  water  in  this  part  of 
the  river  is  quite  soft.  Total  hardness  rarely  exceeds  175  mg./L  in 
Navigation  Pool  No.  8  and  does  only  where  emergent  ground  water  of 
local  origin  is  concentrated  in  the  pool.  The  alkalinity  of  the 
water  varies  lightly  around  175  meg./L  and  the  water  has  a  char¬ 
acteristic  brown  color  from  the  dissolved  organic  substances  leached 
from  forest  floor  areas.  Aeration  processes  maintain  the  dissolved 
oxygen  in  excess  of  60%  during  all  parts  of  the  year.  Whereas  the 
water  is  not  well  buffered,  the  pH  remains  slightly  alkaline  during 
most  of  the  year.  The  water  received  from  the  Root  River  is  similar 
in  natural  quality  as  the  Mississippi  River  water.  However,  the  Root 
River,  because  of  the  topography  of  its  watershed,  is  subject  to 
rapid  changes  in  discharge.  When  discharge  is  above  normal,  this 
river  carries  extremely  high  silt  and  clay  loads.  Data  collected 
during  the  spring  of  1973  indicate  that  the  turbidity  of  the  Root 
River  was  in  excess  of  ten  times  that  in  the  Mississippi  River. 

The  LaCrosse  River  has  its  confluence  with  the  Mississippi  River 
within  the  city  limits  of  LaCrosse,  Wisconsin.  It  has  a  relatively 
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small  but  heavily  populated  watershed.  Because  the  LaCrosse  River 
has  three  artificial  impoundments  in  its  upstream  reaches,  during 
normal  water  discharge  periods,  the  turbidity  of  its  water  is  relatively 
low.  During  flood  periods,  however,  because  of  the  heavy  land  use 
in  the  watershed,  the  LaCrosse  River  discharges  large  quantities  of 
silt  and  clay  into  the  Mississippi  River. 

Altered  Water  Quality 

The  water  entering  the  upstream  end  of  Navigation  Pool  No.  8 
received  approximately  15  million  gallons  per  day  of  sewage  effluent 
from  the  LaCrosse  Municipal  waste  treatment  plant.  Until  1972,  the 
city  of  LaCrosse  operated  a  primary  settling  waste  treatment  facility 
with  a  relatively  low  efficiency.  However,  a  newly  constructed 
activated  sludge  system  is  now  on  line,  but  now  effluents  approximately 
the  same  volume  of  adequately  treated  sewage.  The  material  is  discharged 
directly  into  the  main  channel  at  river  mile  694,  and  it  diffuses  dir¬ 
ectly  into  the  main  body  of  Navigation  Pool  No.  8.  Additional  effluents 
enter  Navigation  Pool  No.  8  from  diffused  sources  such  as  seepage  from 
septic  systems  located  along  the  shoreline. 

Ground  Water 

The  groundwater  table  in  the  floodplain  of  the  Mississippi 
River  ranges  from  10  to  30  feet,  depending  upon  topography.  This 
highly  productive  aquifer  is  open  to  and  in  direct  connection  with 
the  Mississippi  River.  Groundwater  from  a  maximum  depth  of  approx¬ 
imately  100  feet  is  typically  naturally  filtered  river  water  and  is 


of  excellent  quality.  The  water  from  depths  below  100  feet  is 
typically  native  groundwater  from  the  LaCrosse  area,  is  harder,  and 
has  an  iron  content  of  0.1  -  1.0  mg./L.  This  water  comes  from 
Cambrian  sand  stone  formations,  and  it  appears  that  there  are  many 
layered  aquifers  in  this  formation. 

VEGETATION 

Terrestrial  Vegetation 

The  vegetation  in  the  watershed  adjacent  to  Navigation  Pool  No.  8 
can  be  divided  into  two  general  groups;  the  upland  xeric  southern 
forests  of  Wisconsin  and  Minnesota,  and  the  southern  lowland  vegetation 
of  the  floodplain. 

The  upland  xeric  forests  are  predominately  oak  forests.  They  are 
located  on  well  drained  sites  on  either  sandy  and  porous  flatlands, 
on  south  and  west  slopes  of  hills,  or  on  thin  soils  on  hilltops  and 
ridges.  In  a  study  of  127  forests  located  south  and  somewhat  west 
of  the  tension  zone  in  Wisconsin  (the  southern  1/3  of  Wisconsin  in¬ 
cluding  80%  of  the  Mississippi  River  bordering  Wisconsin),  29  species 
of  trees  were  found  (Table  Al).  An  analysis  of  the  ground! ayer 
species  indicate  that  more  than  one-half  of  the  species  are  included 
in  nine  "families.  The  Compositae  comprise  10%  of  the  total  species 
in  the  dry  mesic  stands  and  ferns  are  dominant.  Other  families  in 
the  group  of  nine  are  the  Framineae,  Ranunculaceae,  Rosaceae,  Umbel 1 i ferae. 


and  Caprifol iaceae  (Table  A 2). 

The  valley  forests  are  commonly  known  as  bottomland  or  floodplain 
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forests  and  the  lake  border  types  are  usually  termed  hardwood  swamps. 

They  are  similar  because  the  soil  moisture  supply  is  in  excess  of  that 
falling  as  rain.  The  floodplain  forests  are  present  along  all  the 
rivers  tributary  to  the  Mississippi  and  on  the  Mississippi  floodplain. 

The  composition  of  the  forest  differs  greatly  from  the  upland  forests 
and  groundlayers  (Table  A3).  Of  the  37  species  listed,  21  were  found 
in  the  initial  or  wet  segment  and  36  in  the  intermediate  wet  mesic 
segment.  The  lowland  forests  thus  have  more  species  of  trees  than 
any  other  community  in  the  area.  In  large  part,  this  is  due  to  a  number 
of  species  of  southern  derivation  which  have  progressed  northward  in 
river  valleys.  These  include  the  buckeye  (Aesculus  glabra),  the 
honey  locust  (Gleditsia  triacanthos) ,  the  sycamore  (Platanus  occidental  is) 
and  the  river  birch  (Betula  nigra). The  average  values  tend  to  obscure 
the  fact  that  several  different  combinations  of  species  are  included 
within  the  wet  segment.  In  the  pioneer  sites  along  sand  bars,  mud 
flats,  and  other  places  of  recent  soil  disturbance,  the  usual  forest 
is  dominated  by  black  willow  (Sal ix  nigra)  and  cottonwood  (Populus 
deltoides) .  On  open  sites  near  the  upland  edges  of  the  wet  ground, 
river  birch  or  swamp  oak  (Quercus  bicolor)  are  tfta  usuai  iominants. 

As  both  of  these  types  mature,  they  are  invaded  by  silver  maple 
(Acer  saccharinum)  and  American  elm  (Ulmus  americana) .  The  moist 
forest,  particularly  the  riverine  stands,  tend  to  have  a  high  total 
basal  area  per  acre,  with  an  average  of  14,300  sq.  in.  per  acre.  This 
is  cue  to  the  large  size  of  the  trees  rather  than  high  densities.  This 
can  be  substantiated  by  examining  the  size  of  the  stumps  remaining  from 


the  timber  clearing  activities  in  the  navigation  pool  areas  prior 
to  inundation. 
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The  prevalent  groundlayer  species  of  the  lowland  forest  are  reported 
in  Table  A  4  .  The  floristic  homogeneities  as  shown  by  the  ratio 
of  prevalent  species  sum  of  presence  to  total  species  sum  of  presence 
are  low  (  Curtis,  1971)  Analyses  of  the  total  flora  reveal  that  the 
same  seven  families  include  50%  of  the  total  species.  The  main  change 
in  family  representation  as  compared  to  the  upland  forest,  is  the 
prominent  role  of  the  sedge  and  mint  families  and  the  increased  importance 
of  the  carrot  and  nettle  families.  The  low  values  of  average  presence 
for  the  prevalent  species  of  the  set  stands  are  an  indication  of  the 
great  variation  to  be  found  from  stand  to  stand.  This  is  due  to  the 
frequency  of  flooding. 


Succession 

The  pioneer  stages  of  the  lowland  forests  occur  on  two  different 
sites.  Toward  the  river's  edge  on  wet  newly  deposited  banks, 
conditions  are  favorable  for  the  establishment  of  cottonwood  and  willows. 
As  these  mature,  they  tend  to  be  replaced  by  the  silver  maple  and 
American  elm  in  the  absence  of  further  disturbance  by  the  river.  Toward 
the  upper  side  of  the  floodplain,  soil  conditions  are  more  stable 
and  favor  the  invasion  by  the  river  birch  or  the  swamp  white  oak. 

Aquatic  Vegetation 


The  composition  of  the  aquatic  vegetation  communities  prior  to  navigation 
lock  and  dam  formation  is  virtually  unrecorded.  However,  based  on 


species,  the  white  tailed  deer  is  the  most  popular  big  game  animal. 
Small  game  mammals  that  are  hunted,  include  the  gray  squirrel  and  the 
cottontail  rabbit.  The  majority  of  the  hunting  however,  is  for 
migratory  waterfowl.  The  Mississippi  flyway  provides  a  suitable 
habitat  for  in-route  migratory  rest  areas,  and  in  locally  nesting 
species,  marshalling  areas  during  pre-migratory  periods.  Not  only  does 
the  area  of  Navigation  Pool  No.  8  provide  these  areas  for  north- 
south  migratory  corridors  for  mallards,  pintail,  gadwall  and  teal,  but 
it  is  situated  such  that  it  lies  in  the  east-west  corridors  utilized 
by  canvasbacks  and  redheads.  Whereas  the  principal  goose  migratory 
corridors  lie  east  and  west  of  the  upper  Mississippi  River  basin, 
there  is  quite  an  extensive  use  of  this  area  in  southwestern  Wisconsin, 
particularly  by  snow  geese. 
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SOCIOECONOMIC  SETTING 

The  socioeconomic  aspects  of  the  environmental  setting  are  discussed 
(1)  by  identifying  the  three-way  subdivision  of  socioeconomic  activities 
used  in  this  report  and  (2)  by  presenting  an  overview  of  these  activities 
in  Pool  8  as  they  also  relate  to  the  northern  section  of  the  Upper 
Mississippi  River. 

Three  Subdivisions  of  Socioeconomic  Activities 

It  is  useful  to  divide  a  discussion  of  the  socioeconimic  setting 
of  the  study  area  of  the  Upper  Mississippi  River  into  (1)  industrial 
activity,  (2)  recreational  activity,  and  (3)  cultural  considerations. 

Industrial  Activity 

Industrial  activity  includes  agricultural,  manufacturing,  trans¬ 
portation,  and  related  pursuits  that  affect  employment  and  income  in 
the  study  area  directly;  this  includes  employment  on  forms,  in 
barge  operations,  commercial  dock  facilities,  lock  and  dam  operations, 
and  commercial  fishing.  While  it  is  probably  most  desirable  to  measure 
industrial  activity  in  terms  of  jobs  or  dollars  generated,  lack  of 
available  data  makes  this  impossible  in  the  present  study.  As  a 
result,  indices  of  this  industrial  activity  --  such  as  tons  of  commodities 
moved,  industrial  facilities  constructed,  or  pounds  of  fish  caught  — 


are  used. 
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Recreational  Activity 

Recreational  activity  has  two  effects  of  interest.  One  is  the 
psychological  value  to  the  users  themselves  of  being  near  or  on  the 
Mississippi  River  for  leisure  activities.  A  second  effect  is  the  impact 
of  the  recreational  activity  on  employment  and  income.  Recreational 
activity  is  more  indirect  in  its  effect  on  employment  and  income  than 
is  industrial  activity  and  relates  mainly  to  leisure-time  activities  of 
people  using  the  Mississippi  River  for  recreational  purposes;  examples 
include  boating,  sport  fishing,  hunting,  sightseeing,  camping,  and 
picnicking.  Recreational  activities  frequently  use  units  of  measure¬ 
ment  like  number  of  boaters  or  fishermen  using  a  lake  or  river,  fishing 
licenses  sold,  or  visitor-days.  It  is  often  very  difficult  to  find  such 
measures  for  a  particular  pool  on  the  Mississippi  River.  Where  such  data 
are  available  --  such  as  fishermen  using  a  specific  pool  —  proxy 
measurements  are  used;  for  example,  number  of  sport  fishermen  observed 
annually  by  lock  and  dam  attendants  are  taken  as  a  measure  of  fishing 
activity  in  the  pools  --  even  though  this  is  not  as  precise  a  measure 
as  desired.  Problems  involved  with  placing  dollar  values  on  these 
recreational  activities  are  discussed  in  Section  6. 

Cultural  Considerations 

Cultural  considerations  are  the  third  component  of  the  socio¬ 
economic  setting.  These  considerations  include  three  kinds  of  sites  of 
value  to  society:  archaeological  sites,  historic  sites,  and  contemporary 
sites.  These  sites  can  include  such  diverse  physical  assets  as  burial 
mounds,  historical  battlegrounds  or  buildings,  or  existing  settlements  of 


ethnic  groups  such  as  Amish  communities.  Because  of  the  difficulty  of 
placing  any  kind  of  value  on  such  sites,  they  are  simply  inventoried 
in  the  present  study. 
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Overview  of  Socioeconomic  Activities  in  the  Study  Area 

The  industrial,  recreational,  and  cultural  aspects  of  Pool  8  are 
discussed  below  in  relation  to  the  entire  Northern  Section  of  the 
Upper  Mississippi  River  to  provide  a  background  with  which  to  analyze 
the  impact  of  operating  and  maintaining  the  nine-foot  channel  in 
Section  3  of  this  report. 

Industrial  Activity 

The  existence  of  the  Mississippi  River  and  its  tributaries  has 
had  a  profound  effect  on  the  industrial  development  of  the  American 
Middle  West.  It  has  served  as  a  route  of  easy  access  for  transportation 
and  communication  tying  together  the  industrialized  East  with  the 
agricultural  Middle  West  as  well  as  the  varied  economies  of  the  North 
and  the  South. 

Historical  Development  of  the  Waterway 

The  development  of  the  Northern  Section  of  the  Upper  Mississippi 
as  a  waterway  for  shipment  has  paralleled  the  rise  of  the  American 
economy,  keeping  pace  with  the  need  to  move  bulk  raw  materials  and 
heavy,  high  volume  commodities  over  the  wide  geographical  areas  served 
by  the  river  network.  This  has  allowed  barge  transportation  to  remain 
competetive  with  other  forms  of  transportation.  It  is  noteworthy  that 
competing  systems  of  land  transportation  such  as  railroads  and  highway 
trucking  utilize  the  relatively  gentle  river  valley  terrain  in  order 
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to  simplify  both  engineering  design  and  fuel  energy  demands.  Thus, 
the  Mississippi  River  valley  is  intensively  utilized  to  meet  the 
transportation  needs  of  the  Midwest. 

Long  before  the  coming  of  the  first  white  settlers,  the  Mississippi 
River  was  a  transportation  corridor  for  the  Indians.  It  was  used  to 
facilitate  the  primitive  barter  economy  and  as  a  route  for  other  forms 
of  social  and  cultural  conmuni cation  and  contact. 

In  its  primitive  condition,  the  Upper  Mississippi  was  characterized 
by  numerous  rapids  and  rock  obstructions.  Fluctiations  in  water  flow 
during  various  seasons  of  the  year  were  minor  inconveniences  to  the 
Indian  canoe,  but  demanded  modification  before  substantial  commercial  use 
of  the  river  could  take  place.  Prior  to  improvements,  such  traffic  was 
limited  to  periods  of  high  water  when  log  rafts  and  small  boats  could 

pass  between  the  Falls  of  St.  Anthony  and  the  mouth  of  the  Ohio  River. 

The  necessity  of  modifying  the  natural  course  of  the  river  to  make 
it  suitable  for  commercial  navigation  gradually  became  apparent  as  the 
size  of  the  river  boats  and  barges  grew.  Since  the  first  river  steamboat 
arrived  at  Fort  Snelling  in  1823  and  steamboat  transportation  for 
freight  and  passenger  use  grew  to  a  peak  in  the  decade  1850  to  1860  when 
over  1000  steamboats  were  active  on  the  entire  length  of  the  river.  By 
1880  the  growth  of  the  railroad  system  in  the  U.  S.  and  the  lack  of  a 
channel  of  sufficient  depth  marked  a  decline  in  the  use  of  the  river  for 
transportation.  However,  on  the  upper  reaches  of  the  Mississippi,  growth 
in  freight  traffic  continued.  A  peak  was  reached  in  1903  with  4.5  million 

tons  moved  between  St.  Paul  and  the  mouth  of  the  Missouri  River.  A 

subsequent  rapid  decline  coincided  with  a  drop  in  river  use  for  moving 
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logs  and  lumber.  In  1916  only  0.5  million  tons  were  shipped  on  this 
section  of  the  river. 

As  the  population  and  industry  of  the  Upper  Midwest  region  grew, 
there  was  a  corresponding  growth  in  the  need  for  cheap  coal  for  power 
generation.  A  technological  consequence  of  this  need  was  the  development 
of  the  barge  and  towboat  which  gradually  replaced  the  steamboat  on  the 
river.  The  barge  and  towboat  required  a  deeper  channel  than  the  earlier 
steamboats.  The  need  for  coal  in  the  Upper  Midwest  was  complemented  by 
the  need  to  ship  large  quantities  of  grain  south  to  other  centers  of 
population.  Thus,  economies  were  realized  by  having  at  least  partially 
compensating  cargoes  going  both  directions  on  the  upper  reaches  of  the 
river.  In  the  later  1920s  large  grain  shipments  from  Minneapolis  began. 

Although  4%  and  6  foot  channels  had  been  authorized  in  recognition 
of  the  increasing  role  of  the  river  in  the  transportation  network  of 
the  U.  S.  ,  technological  developments  in  barges  and  tugs  led  to  the 
authorization  of  a  nine-foot  channel  to  Minneapolis  in  1930.  By  1940 
the  channel  and  the  requisite  locks  and  dams  were  essentially  complete. 

When  figures  for  tonnages  shipped  at  various  times  on  the  Miss¬ 
issippi  River  are  examined,  it  is  difficult  to  make  comparisons  that 
relate  to  Corps  activities.  For  example,  the  following  factors  complicate 
the  problem  of  data  analysis  during  the  period  prior  to  1940: 

1.  Statistical  data  collected  by  the  Corps  of  Engineers  covered 
different  segments  of  the  Upper  Mississippi  River  during  these 
years.  Some  of  the  reasons  for  this  appear  to  be  changes  in 
the  administration  of  river  segments  during  that  time,  as  well 
as  some  experimentation  with  better  methods  of  statistical 
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collection. 

2.  Shipping  in  the  Upper  Mississippi  was  distorted  during  the 
decade  of  the  1930s  due  to  the  construction  of  locks  and  dams 
in  the  St.  Paul  District. 

3.  From  1941  to  1945  all  forms  of  transportation  were  utilized 
for  the  war  effort  without  regard  to  maximizing  economic 
return.  Therefore,  data  for  these  years  (as  with  the  1930s) 
does  not  necessarily  reflect  a  normal  period  of  transportation 
on  the  upper  Mississippi  River. 

Barge  Shipments.  Table  shows  tonnage  information  available  for 
selected  years  from  1920  through  1945  for  the  river  segment  identified 
in  the  third  column  of  the  table. 

Table  1.  River  shipment  from  1920  through  1945. 


Total  Tonnage  (short  tons) 

Year _ Shipments  and  Receipts* _ River  Segment _ 

Mips,  to  Mouth  of  Missouri  Riv. 


1920  630,951 

1925  908,005 

1926  691,637 

1927  715,110 

1928  21,632 

1929  1,390,262 

1930  1,395,855 

1935  188,613 

1940  1,097,971 

1,263,993 


Mips,  to  Mouth  of  Missouri  Riv. 
Mips,  to  Mouth  of  Missouri  Riv. 
Mips,  to  Mouth  of  Missouri  Riv. 
Mips,  to  Mouth  of  Wisconsin  Riv 
Mips,  to  Mouth  of  Ohio  River 
Mips,  to  Mouth  of  Ohio  River 
Mips,  to  Mouth  of  Ohio  River 
St.  Paul  District 


1945 


St.  Paul  District 
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♦Tonnages  exclude  ferry  freight  (cars  and  other)  and  certain  cargoes 
transit. 

Source:  Annual  Report  of  the  Chief  of  Engineers,  U.  S.  Army,  Part  2 
"Commercial  Statistics",  Table  7,  by  sleected  year. 

In  more  recent  years,  data  are  available  for  the  St.  Paul  District. 
Table  2  shows  the  movement  of  tonnages  through  the  St.  Paul  District 
for  the  years  from  1962  through  1971. 


Year 

Total  Traffic 

St.  Paul  District* 

1962 

8,168,594 

1963 

9,266,361 

1964 

9,621,336 

1965 

9,205,538 

1966 

11,346,457 

1967 

11,618,849 

1968 

10,736,350 

1969 

12,647,428 

1970 

15,423,713 

1971 

15,070,082 

1972** 

16,361,174 

Sources : 

♦Comparative  Statement  of  Barge  Traffic  on  Mississippi  River 
and  Tributaries  in  St.  Paul  District,  U.  S.  Army  Engineer 
District,  St.  Paul  Minnesota 


**  Estimated 


When  this  table  is  compared  with  the  previous  one,  the  growth  of  shipping 
on  the  Upper  Mississippi  becomes  readily  apparent.  Thus,  the  tofal 
traffic  for  the  St.  Paul  District  in  1962  was  about  six  times  the  traffic 
in  1945,  which  was  a  war  year.  In  fact,  traffic  in  the  St.  Paul 
District  for  1962  was  more  than  five  times  greater  than  all  of  the 
traffic  on  the  Upper  Mississippi  between  Minneapolis  and  the  Mouth  of 
the  Ohio  River  in  1930.  Traffic  about  doubled  in  the  St.  Paul  District 
between  1962  and  1971.  This  was  due  in  a  large  degree  to  grain  shipments 
from  the  district  and  to  an  increase  in  receipts  of  coal. 

In  1928,  data  were  collected  on  receipts  and  shipments  for  the 
river  segment  from  Minneapolis  to  the  mouth  of  the  Wisconsin  River. 

This  approximates  the  navigable  segment  of  the  Upper  Mississippi  within 
the  St.  Paul  District  and  the  data  for  this  segment  can  be  equated 
with  data  for  the  St.  Paul  District  with  little  difficulty.  In  that 
year,  21,000  tons  were  received  and  shipped.  By  1940,  tonnages  handled 
reached  1,000,000  tons  annually,  when  the  lock  and  dam  system  and  the 
none-foot  channel  were  virtually  complete.  Tonnages  reached  2,000,000 
by  1946,  and  3,000,000  by  1953.  By  1962  over  8,000,000  tons  were  shipped 
and  received  in  the  St.  Paul  District.  In  the  decade  between  1962  and 
1972,  this  had  doubled  to  16,000,000  tons. 

Pool  No.  8  contains  seven  commercial  docks  and  terminals  --  in¬ 
cluding  two  that  supply  petroleum  products  to  Socony  Mobil  Company  and 
Texaco,  and  one  that  transships  grain  for  the  Cargill  Company.  In 
addition  Pool  8  serves  as  a  thoroughfare  for  the  river  traffic  shown 
in  Table  3  that  moves  between  the  region  south  of  Pool  8  and  the 
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Twin  Cities.  An  indication  of  the  "thoroughfare"  function  that  Pool 
9  provides  for  barge  traffic  in  the  study  are  the  commerical  lockages 
through  all  locks  in  the  Northern  Section  that  are  shown  in  Figure 
No.  6*  These  also  provide  another  indication  of  the  recent  increase 
in  barge  traffic.  From  1960  to  1972  the  number  of  lockages  in  the 
portion  of  the  river  between  Lock  and  Dam  2  and  Lock  and  Dam  10 
increased  by  about  600,  the  approximate  increase  that  was  also  present 
for  Lock  and  Dam  8. 


Table  3  shows  the  number  of  trips  made  on  the  Mississippi  between 
Minneapolis  and  the  mouth  of  the  Missouri  River  in  1971. 


Transportation  Mode 

Upbound 

Downbound 

Self  Propelled 

Passenger  &  Dry  Cargo 

1,900 

1,875 

Tanker 

3 

2 

Towboat  or  Tugboat 

8,433 

8,419 

Non-self  Propelled  (Barge) 

Dry  Cargo 

25,250 

25,237 

Tanker 

7,312 

7,311 

TOTAL 

42,898 

42,844 

Source:  Waterborne  Commerce  of  the  United  States  Calendar  Year  1971 
Part  2;  Department  of  the  Army  U.  S.  Army  Corps  of  Engineers 
p.  165. 


The  shipping  season  for  most  of  the  Mississippi  River  within  the 
St.  Paul  District  is  usually  eight  months,  from  mid-April  to 


Commercial  Lockages 
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Source:  St.  Paul  District  of  the  U.S.  Army  Corps  of  Engineers,  Annual  Lockage 
Data,  1960  and  1972. 

Figure  6.  Commercial  Lockages  in  Upper  Mississippi 
River  in  1960  and  1972. 


mid-December.  The  navigable  rivers  maintained  and  operated  by  the  St. 
Paul  District  should  be  viewed  within  the  context  of  the  system  as  a 
whole  including  the  Mississippi,  Ohio,  Missouri  and  other  tributary 
rivers.  In  1964  a  detailed  analysis  of  origin-destination  waterborne 
commerce  traffic  patterns  showed  that  the  average  miles  per  ton  on 
the  Upper  Mississippi  River  Waterway  System  ranged  from  700  to  800  miles. 
This  indicates  that  the  great  bulk  of  shipments  and  receipts  have  origins 
or  destinations  outside  of  the  St.  Paul  District.  Each  pool  then, 
in  addition  to  its  own  shipments  and  receipts  contributes  to  the  econ¬ 
omic  benefits  enjoyed  by  the  system  as  a  whole.  Thus,  any  measure 
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of  the  economic  benefits  of  the  river  commerce  on  an  individual  pool 
must  include  the  benefits  that  it  contributes  as  a  necessary  link  in 
the  Upper  Mississippi  system. 

Commercial  Fishing  and  Trapping.  As  population  along  the  Northern 
Section  of  the  Mississippi  River  increased,  industrial  specialization 
also  took  place.  The  result  was  the  development  and  growth  of  commercial 
fishing  and  trapping  along  the  Upper  Mississippi  in  the  last  half  of 
the  nineteenth  century  and  during  the  twentieth  century. 

Limited  data  are  available  on  the  extent  of  commercial  fishing  and 
trapping  prior  to  1930.  However,  the  rise  in  the  water  level  behind  the 
newly  constructed  locks  and  dams  in  the  Upper  Mississippi  River  after 
1930  increased  marsh  development  and  provided  more  fish  and  fur  animal 
habitat  over  that  existing  prior  to  the  construction. 

Data  on  commercial  fishing  in  the  1960s  in  the  pools  in  the  study 

area  are  shown  in  Figure  7  .  In  1969  the  Northern  Section  of  the 

Upper  Mississippi  River  produced  about  5.5  million  pounds  of  fish  that 

were  sold  commercially;  this  was  an  increase  of  about  9  percent  from 

the  1960  total.  The  commercial  value  of  the  fish  caught  in  1969  was 

f  about  $400,000.  Figure  7  shows  that  the  bulk  of  the  conmercial  fishing 
v 

in  the  pools  in  the  study  area  --  about  4.8  million  pounds  of  fish  and 
86%  of  the  total  —  occurred  in  Pools  4,8,9,  and  10.  Pool  9  is  the 
major  contributor,  with  2  million  pounds  in  1969.  Pool  8  contributed 
622, 00o  pounds  during  that  year. 

Trapping  data  have  been  collected  for  the  past  three  decades  by 
the  Upper  Mississippi  River  Wildlife  and  Fish  Refuge,  which  is  managed 


Weight  of  Fish  Caught  (in  1000 's  of  Pounds) 
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Source:  UMRCC.  Proceedings  of  Annual  Meeting,  1962  and  1971. 

Figure  7.  Thousands  of  Pounds  of  Fish  Caught  Annually  by 
Commercial  Fishermen  in  Upper  Mississippi  River 
Pools  in  1960  and  1969. 

by  the  Bureau  of  Sport  Fisheries  and  Wildlife  of  the  U.  S.  Department 
of  the  Interior.  This  refuge  was  established  by  Congress  in  1924 
and  runs  for  284  miles  along  the  Upper  Mississippi  River  from  about 
Wabasha,  Minnesota  to  above  Rock  Island,  Illinois  --  or  from  app¬ 
roximately  Lock  and  Dam  4  to  Lock  and  Dam  13.  Between  1940  and  1970 
an  average  of  748  trappers  per  year  obtained  trapping  permits.  Between 
1940  and  1970  25,000  beavers  and  over  2.25  million  muskrats  were  trapped 
whose  furs  averaged  nearly  $100,000  annually  (Green,  1970). 

1 


32 


By  the  1971-72  season,  the  price  of  muskrat  pelts  was  over  $1.00  and  the 
annual  harvest  was  valued  at  about  $200,000. 

Recreational  Activity 

In  addition  to  the  industrial  activity  described  above,  the  Northern 
Section  of  the  Upper  Mississippi  River  has  provided  innumerable 
recreational  opportunities  for  the  entire  region  it  serves.  Even 
prior  to  Congressional  authorization  of  the  4%  foor  channel  in  1878  -- 
the  first  comprehensive  project  on  the  Upper  Mississippi,  from  the  mouth 
of  the  Ohio  River  to  St.  Paul  --  settlers  used  the  river  extensively. 

The  Upper  Mississippi  provided  settlers  the  opportunity  to  boat,  fish, 
hunt,  and  sightsee.  However,  the  need  for  these  settlers  to  carve  out 
an  existence  in  the  Minnesota  wildnerness  of  the  early  nineteenth 
century  meant  that  recreational  uses  of  the  upper  River  were  few. 

Thus,  boating  then  was  not  for  recreational  purposes;  it  was  essential 
for  the  settlers'  continuing  existence  to  move  people  and  supplies  to 
where  they  were  needed.  Similarly  hunting  and  fishing  were  not  for 
sport;  they  provided  the  food  needed  to  feed  the  settlers'  families; 
surplus  fish  and  game  were  sold  or  traded  for  other  necessities  required 
for  daily  living. 

As  the  twentieth  century  dawned,  leisure  time  accompanying  the 
settler's  higher  standard  of  living  led  to  recreational  uses  of  the 
Upper  Mississippi  River.  Segregating  present-day  recreational  uses  of 
the  study  area  due  to  Corps'  operations  from  those  existing  in  1930 
prior  to  the  nine-foot  channel,  presents  problems.  These  arise  because 
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of  the  difficulty  of  isolating  the  increased  recreational  uses  of  the 
river  caused  by  more  people  in  the  region,  higher  standards  of  living, 
and  increased  leisure  from  those  caused  by  improved  navigational  and 
other  recreational  opportunities. 

A  significant  portion  of  the  recreational  activity  on  the  Upper 
Mississippi  is  due  (1)  to  the  improved  navigation  opportunities  for 
large  pleasure  craft  on  the  river,  and  (2)  to  improved  fish  and  game 
habitat  resulting  from  higher  water  levels  in  the  river.  The  potential 
for  improved  fishing  and  hunting  is  not  always  realized  because  increased 
industrialization  along  the  river  has  polluted  the  river  and  has 
reduced  the  available  hunting  areas,  which  often  more  than  offset  the 
increased  habitat. 

Boating  Activity  and  Related  Facilities.  As  noted  above,  much 
of  the  increased  boating  in  the  study  area  of  the  river  —  and  virtually 
all  of  it  for  the  deeper  draft  pleasure  boats  --  is  made  possible  by 
the  improved  navigational  opportunities  provided  by  the  system  of  locks 
and  dams.  Figure  8  illustrates  the  dramatic  growth  in  pleasure  boating 
in  the  study  area  from  1960  to  1972.  The  figure  shows  that  numbers  of 
pleasure  boats  moving  through  each  lock  in  the  study  area  increased 
by  an  average  of  about  1,500  boats  during  the  twelve  year  period.  It  can 
be  seen  that  the  number  of  pleasure  boats  moving  through  Locks  7  and  8, 
those  at  each  end  of  Pool  8  increased  by  about  the  average  for  the 
District  during  this  period.  In  1968,  the  Corps  of  Engineers  inventoried 
17  major  public  use  facilities  on  the  river  in  Pool  8  that  mainly  serve 
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Source:  St  Paul  District  of  the  U.  S.  Army  Corps  of  Engineers,  Annual  Lockage 
Data,  1960  and  1972. 

Figure  8.  Pleasure  Boats  Moving  Through  Upper  Mississippi 
River  Leeks  in  1950  and  1972. 


pleasure  boaters  through  providing  water  access  for  on-water  types  of 
activities.  These  17  facilities  are  managed  by  a  variety  of  federal, 
community,  and  private  groups,  such  as  the  U.  S.  Bureau  of  Sport 
Fisheries  and  Wildlife,  and  the  communities  of  Stoddard  and  LaCrosse. 
Sport  Fishing  and  Hunting.  Precise  measures  of  the  number  of  sport 
fishermen  using  each  specific  pool  in  the  study  area  are  not  available. 
Although  sport  fishing  survey  data  are  available  for  Pools  4,5,  and  7 
in  the  study  area,  comparable  data  do  not  exist  for  the  other  pools. 
Perhaps  the  only  comparable  data  for  all  pools  are  the  number  of  sport 
fishermen  observed  annually  by  attendants  at  lock  and  dam  sites. 
Attendants  to  each  lock  and  dam  observe  the  river  pool  areas  above 
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and  below  their  site  at  3:00  p.m.  each  day  and  record  the  number  of 
sport  fishermen  seen;  the  annual  data  are  simply  a  sum  of  these  daily 
estimates. 

The  number  of  sport  fishermen  observed  by  attendants  at  each 
lock  and  dam  in  the  study  area  are  shown  in  Figure  9  for  the  years 
1960  and  1970.  There  has  been  little  change  during  the  ten-year 
period  of  the  number  of  sport  fishermen  observed.  Because  fish  tend  to 
seek  water  with  a  high  concentration  of  dissolved  oxygen  and  the  dams 
tend  to  aerate  the  water,  the  bulk  of  the  sport  fishermen  tabulated  in 
this  figure  are  probably  in  the  pool  downstream  from  the  lock  and  dam 
cited  on  the  horizontal  axis  of  the  figure.  The  figure  shows  that 
in  1970  over  18,000  fishermen  were  observed  from  Lock  and  Dam  7,  most 
of  them  fishing  in  Pool  No.  8.  This  is  the  largest  number  observed 
from  any  lock  and  dam  in  the  St.  Paul  District. 

Sport  hunting  of  waterfowl  along  the  Mississippi  River  study  area 
is  large.  It  is  estimated  that  in  1963;  the  year  for  which  the  most 
precise  data  are  available,  hunters  made  about  15,600  visits  to  Pool 
No.  8.  The  LaCrosse  District  of  the  Upper  Mississippi  River  Wildlife 
and  Fish  Refuge  (which  covers  both  Pools  7  and  8)  estimates  that  for 
the  ten  years  from  1961  to  1970,  an  average  of  26,800  hunters  in  the 
District  bagged  an  average  of  49,750  waterfowl  annually. 

Sightseeing  and  Picnicking.  Studies  in  general  indicate  that  a  body 
of  water  is  often  essential  for  most  recreation  activities.  People 
want  this  water  not  only  to  boat  on  or  to  fish  or  swim  in,  but  also 
simply  to  look  at,  picnic  beside,  and  walk  along.  The  study  area  of 
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difficult  to  isolate  the  effect  of  Corps'  operations  on  recreational 
activities  such  as  sightseeing,  picnicking,  and  hiking.  To  assist 
sightseers,  the  Corps  of  Engineers  operates  eight  overlooks  at  locks 
and  dams  in  the  study  area.  In  addition,  a  variety  of  parks  exist 
along  the  river  that  are  available  for  sightseeing  and  other 
recreational  activities. 


38 


SECTION  2  -  SOCIOECONOMIC  REFERENCES 


Upper  Mississippi  River  Conservation  Committee.  1962  and  1971. 
Proceedings  of  the  Annual  Meeting. 

St.  Paul  District  of  the  U.  S.  Army  Corps  of  Engineers.  1960  and  1972. 
Annual  Lockage  Data. 

Chief  of  Engineers  of  the  U.  S.  Army.  Selected  years.  Annual  Report 
Part  2:  Commercial  Statistics.  Table  7. 

St.  Paul  District  of  the  U.  S.  Army  Corps  of  Engineers,  St.  Paul, 

Minnesota.  Selected  years.  Comparative  Statement  of  Barge  Traffic 
on  Mississippi  River  and  Tributaries  in  St.  Paul  District. 

St.  Paul  District  of  the  U.  S.  Army  Corps  of  Engineers.  August,  1965. 
Master  plan  for  resource  management:  Part  IX  -  Pool  8. 

Green,  William  E.  1970.  Ecological  changes  on  the  Upper  Mississippi 
River  Wildlife  and  Fish  Refuge  since  inception  of  the  9-foot 
channel.  Winona,  Minnesota:  Bureau  of  Sport  Fisheries  and  Wildlife 
of  the  U.  S.  Department  of  the  Interior. 


39 


3.  Environmental  Impact  of  the  Project 
Introduction 

The  changes  in  the  river  system  in  Pool  No.  8  that  have  been 
effected  by  the  Corps  of  Engineers  with  the  construction  of  the  nine 
foot  channel  are  as  follows: 

1.  The  construction  of  a  dam  across  the  Mississippi  River  main 
channel  to  elevate  the  pool  a  total  of  11  feet. 

2.  The  construction  of  a  600  foot  lock  to  accommodate  the  passage 
of  commercial  and  recreational  craft. 

3.  The  construction  of  auxiliary  structures  to  protect  the  shorelines 
adjacent  to  the  channel  for  the  maintenance  of  a  nine  foot 
channel . 

4.  Maintenance  dredging  in  the  navigation  pool  to  maintain  the 
minimum  nine  foot  channel  depth. 

Whereas  the  specific  assignment  of  cause  and  effect  with  regard 
to  impacts  to  the  above  components  of  the  project  is  difficult,  the 
rise  in  water  level  and  maintenance  dredging  account  for  the  major 
changes  that  are  occurring  in  the  pool  area. 

Natural  Systems 

The  closure  of  Lock  and  Dam  No.  8  resulted  in  an  immediate  11 
foot  rise  in  the  pool  elevation  upstream  from  the  dam.  This  rise 
in  water  resulted  in  large  scale  changes  in  the  habitats  within  the 
affected  area.  A  tabu  ration  of  areas  lost  and  gained  are  shown  in 
Table  4  .  These  figures  are  derived  from  a  planimetric  comparison  of 
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the  1970  navigation  charts  and  the  1930  flowage  survey  charts.  The 
terminology  on  the  two  sets  of  charts  varied  slightly,  and  resulted 
in  slight  problems  in  resolving  the  comparability  of  the  habitats. 
Consequently  a  few  of  the  categories  were  combined  where  doubt  existed 
as  to  their  nature.  An  attempt  was  made,  however,  to  measure  the  same 
areas. 

The  rise  in  pool  elevation  reduced  the  surface  area  of  the  main 
channel  from  5100  acres  to  3266  acres,  a  loss  of  36%.  Simultaneously 
11126  acres  of  open  pool  were  created.  The  acreage  of  open  pool 
includes  the  lower  portion  of  the  main  channel  where  it  cannot  be 
distinguished  from  open  standing  water,  thus  accounting  for  the  loss  in 
acreage  of  the  channel. 

The  relatively  small  change  in  acreage  of  ponds,  marshes,  and  sloughs 
is  probably  accounted  for  by  the  fact  that  most  of  these  areas  were 
originally  located  in  what  is  now  the  middle  reach  of  Pool  No.  8.  The 
areas  inundated  in  the  lower  half  of  the  pool  were  primarily  timber  and 
wet  lowland  meadow  areas.  Prior  to  inundation,  approximately  23000 
acres  of  timber  and  open  meadow  existed  in  the  pool  area.  After  inundation, 
approximately  10200  acres  of  land  remained  above  the  water  surface 
(at  flat  pool).  It  must  be  noted  however,  that  the  majority  of  the 
acreage  of  marshland  and  sloughs  were  actually  destroyed  upon  inundation,  and 
similar  areas  were  recreated  at  other  locations  in  the  pool.  The 
general  trend  in  Pool  No.  8  has  been  one  of  lateral  displacement  of  these 
areas,  away  from  the  channel. 

Upon  closure  of  the  dam,  the  original  main  channel  (Raft  Channel) 
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was  closed  and  water  was  diverted  through  what  is  now  the  main  channel 
on  the  Wisconsin  side  of  the  lower  pool.  The  flow  patterns  into  Nav¬ 
igation  Pool  No.  8  have  been  altered  considerably  since  closure  of 
the  dam. 

A  majority  of  the  water  entering  the  upper  end  of  the  pool  is 
restricted  to  the  main  channel.  Small  feeder  channels  empty  into  the 
large  open  water  areas  on  the  Minnesota  side  of  the  upper  pool  (Target 
Lake)  (Figure  8  ),.  but  the  construction  of  roadways  and  floodplain 
development  in  these  areas  have  somewhat  restricted  this  flow. 


1930 

1970 

5100 

MAIN  CHANNEL  , 

3266 

-0- 

OPEN  POOL  s'  V 

11126 

-0- 

FEEDER  CHANNELS  (, 

1163 

l 

1119 

SLOUGH 

1 

l 

i 

1865 

MARSH  ^  > 

3820  J 

560 

POND 

23000 

TIMBER-MEADOW,  LAND  ABOVE 
WATER 

10282 

Table  4.  Acreages  of  ecotypes  prior  to  and  after  closure  of  Dam 
No.  8  (determined  planimetrically  from  flowage  survey 
charts  and  navigation  charts). 
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The  main  feeder  channel  for  the  Goose  Island  area  (running  Slough) 
was  closed  during  1969  and  1970,  thus  restricting  flow  into  this  area. 
Mormon  Slough  is  now  the  only  large  feeder  channel  for  water  supply 
into  Goose  Island. 

In  the  middle  reach  of  the  pool,  Crosby  Slough  acts  as  the  feeder 
channel,  emptying  water  into  the  upper  part  of  the  open  pool  area 
on  the  Wisconsin  side.  When  water  in  the  main  channel  reaches  Brownsville 
Minnesota,  it  spreads  across  the  entire  width  of  the  open  pool  and 
supplies  these  shallow  areas  with  adequate  amounts  of  fresh  water. 

Water  is  finally  funneled  along  the  earthen  dike  and  is  diverted  through 
the  dam. 

Biological  Factors 

The  creation  of  large  shallow  water  areas  and  the  increase  of 
water  surface  area  usually  tends  to  increase  the  amount  of  energy 
flowing  through  the  ecosystem.  That  is,  primary  productivity  increases 
and  subsequently  results  in  increases  in  productivity  at  the  higher 
trophic  levels,  if  all  criteria  for  growth  are  met.  Observations  made 
in  Navigation  Pool  No.  8  indicate  that  this  is  true  here.  Rooted 
vegetation  standing  crops,  benthic  standing  crops  and  probably  fish 
standing  crops  are  higher  than  they  were  prior  to  lock  and  dam 
construction.  The  data  collected  on  the  transects  in  Navigation  Pool 
No.  8  during  the  summer  of  1973  appear  to  support  this. 

For  additional  clarification  the  statistical  manipulations  will 
be  explained  again  in  this  section.  The  sampling  sites  on  the 
transects  were  subgrouped  according  to  their  general  ecological 
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habitat  type.  Whereas  the  selection  of  the  stations  for  subgrouping 
was  somewhat  subjective,  depth,  current  velocity,  sediment  type,  and 
distance  from  the  main  channel  were  used  as  criteria  for  classification 
in  all  cases. 

The  means  for  each  parameter  within  each  subgroup  on  the  transects 
were  calculated.  Analyses  of  variance  were  computed  for  each  parameter 
within  each  subgroup.  Significance  in  differences  between  means  were 
calculated  by  computing  the  F-statistic.  The  99%  and  95%  levels 
of  significance  were  determined  from  the  F-distribution  table. 

Transect  AA  (River  Mile  702.5) 

The  stations  on  Transect  AA  were  subdivided  into  four  groups 

1.  Stations  1-4  (Channel) 

2.  Stations  5-6  (Slough) 

3.  Stations  7-9  (Slough) 

4.  Stations  ]0-]3  (Black  River) 

Significant  differences  in  turbidity,  conductivity,  and  dissolved  oxygen 
were  noted.  The  highest  turbidities  were  noted  in  the  Mississippi  River 
channel  and  in  the  Black  River,  as  might  be  expected.  The  highest 
conductivity  was  found  in  the  Black  River.  Similar  data  are  included 
in  the  Pool  7  report.  The  Black  River  does  have  higher  conductive 
water  than  does  the  Mississippi  River.  No  empirical  significance  is 
placed  on  the  differences  in  dissolved  oxygen  at  the  stations,  as 
diurnal  changes  probably  accounted  for  such  differences  (Table  A9  ). 
Transect  BB  (River  Mile  690.2) 

The  stations  on  this  transect  were  placed  in  the  following  subgroups 

1.  Stations  1-6  (Main  Channel) 
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2.  Stations  7-37  (Running  and  Stagnant  Sloughs) 

3.  Stations  38-52  (Goose  Island  -  open  shallow  water  areas) 

Significant  differences  between  the  means  of  the  following  parameters 
were  noted  among  the  subgroups:  Temperature,  turbidity,  conductivity, 
orthophosphate,  and  dissolved  oxygen. 

Temperature  differences  were  expected.  Diurnal  changes  no  doubt, 
accounted  for  the  differences  noted.  No  ecological  significance 
is  place  on  these  data.  However,  it  must  be  noted,  that  the  fluctuations 
that  do  occur,  occur  through  greater  ranges  in  the  shallow  water  areas. 

The  turbidity  was  higher  in  the  main  channel  than  in  the  quiet  backwater 
areas.  Differences  in  conductivity  are  probably  accounted  for  by  the 
effluent  of  hard  water  springs  and  ground  water  in  the  Goose  Island 
area.  The  dissolved  oxygen  levels  were  significantly  higher  in  the 
channel  area,  but  again,  it  must  be  noted  that  great  fluctuations  of 
this  gas  occur  in  the  backwater  areas,  where  photosynthesis  and  respiration 
have  a  greater  impact  than  does  mechanical  aeration.  Ecologically 
significant  is  the  elevated  phosphorus  levels  in  the  back  water  areas 
(Table  A10).  As  phosphorus  is  extremely  active  and  dynamic  in  the 
aquatic  ecosystem,  slight  elevations  are  often  significant  to  the 
biological  systems  operating  in  that  area.  The  higher  phosphate  levels 
can  be  regarded  as  an  indicator  of  increased  biological  activity  and 
nutrient  accumulation.  Nitrogen  levels  were  not  significantly  higher 
in  the  same  area,  as  might  be  expected.  Apparently  the  state  of  the 
sediments  has  precluded  the  release  of  nitrogen  into  the  water  at 
this  point  in  time.  No  further  explanation  can  be  offered  at  this  time. 
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Transect  CC  (River  Mile  679.3) 

This  transect  was  the  shortest  of  all  transects  sampled. 

Because  of  the  homogeneity  of  the  ecotypes  along  the  transect,  the 
stations  were  not  subdivided.  Consequently  the  F-  statistic  was  not 
calculated  for  these  sites.  The  water  chemistry  parameters  that  were 
determined,  were  found  to  be  similar  to  those  in  the  channel  areas 
of  the  other  transects  in  the  pool. 

Transect  DP  (River  Mile  685.0) 

The  stations  on  transect  DD  were  divided  into  the  following 
three  groups: 

1.  Stations  1-18  (Shallow  open  pool  with  intermittent  islands). 

2.  Stations  19-21  (Channel) 

3.  Stations  22-31  (Shallow  open  pool  with  intermittent  islands). 

The  subgroups  of  stations  along  this  transect  demonstrated  sig¬ 
nificant  differences  between  the  means  of  all  parameters  measured. 
Little  ecological  significance  was  placed  in  some  of  the  differences. 
Dissolved  oxygen  and  temperature  differences  were  probably  due  to 
differences  in  the  time  of  day  that  the  stations  were  sampled.  The 
higher  conductivities  were  again  noticable  on  the  Wisconsin  side  of 
the  river  and  apparently  reflect  differences  in  water  supplies  to  the 
river.  However,  nitrogen  and  phosphorus  levels  were  recorded  in  the 
areas  adjacent  to  and  exclusive  of  the  main  channel.  Apparently,  as 
in  the  upstream  transect  previously  discussed,  these  elevated  levels 
reflect  the  increased  amount  of  biological  activity  in  these  areas. 
(Table  All) 
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More  importantly,  however,  is  that  they  reflect  the  accumulation  of 
nutrients  in  these  areas. 


Benthos 

The  benthic  community  inhabiting  the  area  of  transect  BB  was 
variable  in  standing  crop  and  number  of  species  present.  The  lowest 
standing  crops  were  found  in  the  channel  (Figure  10  »  Table  A12), 
with  a  maximum  of  4.123  g/m2  at  station  no.  4.  The  populations  in  the 
channel  were  composed  of  the  least  number  of  species.  The  dominant 
organisms  by  number  were  members  of  the  Families  Heleidae  and  Tendipedidae 
(Diptera).  Benthic  standing  crops  were  considerably  higher  at  the 
remaining  46  stations  on  this  transect,  but  were  variable.  Molluscs 
and  members  of  the  Family  Ephemeridae  (Ephemeroptera)  accounted  for  the 
high  standing  crops  at  several  stations.  The  standing  crops  of  benthos 
appeared  to  be  unrelated  to  the  amount  of  rooted  vegetation  present 
at  any  given  station.  Whereas  it  is  difficult  to  determine  whether 
any  specific  physical  or  chemical  parameter  is  related  directly  to  benthic 
standing  crop,  the  most  significant  controlling  factors  are  depth,  and 
current  velocity.  The  effects  are  not  direct,  but  rather,  affect  the 
sediment  type  found  at  the  stations.  The  data  indicate  that  sediment 
particle  size  and  the  amount  of  organic  material  present  are  directly 
related  to  the  benthic  standing  crops.  Organic  ooze  is  much  more 
productive  than  are  the  inorganic  fine  and  medium  sand  sediments. 

The  running  and  stagnant  slough  area  on  Transect  BB  (Stations  7-37) 
are  variable  in  their  benthic  standing  crops,  but  again  reflect  differences 


Biomass  of  Benthos  (g/m^),  rooted  vegetation  (g/m^),  and  total  in  Transect  BB,  Pool  No.  8,  1973 
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in  water  supply.  Current  velocities  in  this  area  are  also  variable. 

The  Goose  Island  Park  area  (Stations  38-52)  were  more  homogenous  with 
respect  to  the  benthic  standing  crops,  reflecting  a  similar  homogeneity 
in  the  habitat  type.  Rather  large  expanses  of  open  water  characterize 
this  area.  Current  velocities  are  concurrently  low,  and  organic 
sediments  have  been  allowed  to  accumulate  in  the  absense  of  flushing 
activity  from  the  distantly  located  channel.  (Tables  A21-A72). 

The  rooted  vegetation  on  this  transect  was  also  variable.  A  survey 
was  conducted  during  the  summer  of  1973,  to  determine  the  species 
composition  and  distribution  of  these  organisms. 

The  maps  accompanying  this  section  describe  the  BB  transect  across 
Pool  No.  8.  The  land  masses  are  blackened  with  water  masses  appearing 
white.  The  vertical  line  intersecting  the  horizontal  transect  line 
marks  the  location  of  the  station  described  on  that  page. 
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BOTANICAL  SURVEY  OF  THE  B  TRANSECT,  POOL  8 
This  survey  attempts  to  characterize  precisely  the  vascular 
flora  of  the  B  transects  established  by  the  River  Studies  Center 
of  the  University  of  Wisconsin-La  Crosse  on  Pool  8  of  the  Miss¬ 
issippi  River.  The  locations  of  the  transects  are  shown  in 
figures  1  &  2.  I  have  personally  identified  all  specimens 
collected.  All  specimens  collected  have  been  assigned  collection 
numbers  in  the  manner  and  fashion  practiced  by  most  professional 
taxonomists.  A  collection  number  refers  to  the  specimens  gathered 
from  an  individual  plant.  Obviously  many  duplicate  specimens, 
all  bearing  the  same  number,  can  be  gathered  from  a  tree  or  shrub. 
The  first  set  of  all  duplicate  collections  and  all  unicates  are 
deposited  in  the  herbarium  of  the  University  of  Wisconsin- 
La  Crosse,  where  they  will  vouch  for  the  data  reported  here, 
as  well  as  be  utilized  in  continuing  studies.  All  of  the  specimens 
retained  have  been  appropriately  mounted  on  standard  100%  rag 
herbarium  sheets.  Duplicate  sets  of  the  collection  will  be 
distributed  to  other  institutions  to  assure  the  safety  of  the 
collection  and  maximize  its  potential  value.  The  nomenclature 
utilized  follows  that  of  Hartley  (1966). 

METHODS  AND  MATERIALS 

The  transects  were  followed  with  the  aid  of  a  compass. 

The  transect  line  was  followed  over  open  water  with  a  canoe,  and 
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through  marshes  and  alluvial  forests  on  foot.  The  transects  were 
visited  during  the  early  part  of  June  and  again  in  the  middle  of 
July.  The  rest  of  the  summer  was  utilized  to  process  the  collec¬ 
tions.  There  will  thus  obviously  be  some  gaps  in  the  report  of 
late  summer  and  fall  flowering  plants.  All  plants  encountered 
within  approximately  2-3  feet  on  either  side  of  the  transect  line 
were  collected.  Notes  were  taken  to  record  the  plant  associations 
encountered,  for  only  representative  specimens  were  collected 
from  large  monotypic  assemblages,  such  as  the  frequently  encount¬ 
ered  colonies  of  Sagittaria  rigida,  the  arrowhead.  Trees  along 
the  transect  lines  were  marked  with  paint  or  colored  pieces  of 
plastic  and  can  be  revisited  in  the  future.  All  islands  or  land 
masses  falling  under  the  transects  were  arbitrarily  numbered  be¬ 
ginning  at  the  navigation  channel  and  proceeding  sequentially 
east  on  the  Wisconsin  side  and  west  on  the  Minnesota  side. 

Therefore,  for  example,  the  third  island  crossed  by  the  transect 
line  east  of  the  channel  is  designated  as  "Wisconsin  Island  3." 

Open  water,  sloughs,  and  marshes  are  identified  as  lying  between 
islands  or  on  one  side  or  another  of  one  of  them.  As  the  channel 
In  Pool  8  is  pressed  against  the  Minnisota  shore,  there  are  no 
reports  of  "Minnesota  Islands."  The  one  Minnesota  island  crossed 
by  the  transect  in  Pool  8,  and  shown  on  the  navigation  map, 
has  been  worn  away  to  a  thin  line  with  a  few  trees.  This  lack 
of  conformity  of  the  areas,  as  they  existed  during  the  summer  of  1973 


to  what  is  shown  on  the  maps  occured  frequently  and  probably 
testifies  more  to  the  rapidity  with  which  changes  are  occuring 
on  the  River  than  to  any  negligence  on  the  part  of  the  map  maker. 

The  results  are  reported  for  each  transect  separately. 

In  all  cases  the  report  will  list  the  plants  collected  on  the  given 
island  or  body  of  water  that  is  identified  on  the  map  that  heads 
each  listing.  Each  time  a  taxon  is  listed,  the  specimen  which 
vouches  for  the  presence  of  the  taxon  in  that  locality  is  cited. 

The  citations  are  always  numbers  which  refer  to  my  collection. 
Although  a  taxon  may  have  been  collected  many  times  in  a  given 
area,  it  is  only  listed  once.  However,  all  the  collections  of  that 
taxon,  made  in  that  area  are  cited  in  each  list. 

It  must  be  emphasized  that  this  report  represents  the  result 
of  a  rigorous  and  complete  assessment  of  the  vascular  flora  of  the 
transects.  This  is  not  merely  a  phytosociological  survey  and, 
although  it  may  be  difficult  for  the  non-taxonomist  to  appreciate 
the  value  of  the  labour  involved  in  preparing  the  specimens, 
every  single  plant  reported  hereiu's  vouched  for  in  our  herba¬ 
rium.  An  exception  to  this  is  Toxicodendron  rydberqii,  the 
poison  ivy,  to  which  I  demonstrate  an  acute  reaction  and  therefore 
could  not  collect.  However,  its  presence  was  always  noted  when 
encountered.  I  believe  this  report  is  a  significant  contribution 
to  the  knowledge  of  the  vascular  flora  of  the  Mississippi  in  gen¬ 
eral  and  to  the  environmental  impact  statement  into  which  this 
report  will  go  in  particular. 


VASCULAR  FLORA  OF  TRANSECT  B,  POOL  8 

1.  1st  island  on  transect  east  of  channel  (Wisconsin  Isl.  1). 
SA  i x  Vi ti s  abundant  on  the  drier,  sandier  portions  of  the 
island.  Most  of  the  ground  cover  Phalaris  arundinacea.  The 
remainder  of  the  island  alluvial  forest. 
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POOL  8  TRANSECT  B 


Taxon 


Acer  saccharinum  L. 


Fraxinus  pennsylvanica  Marsh. 
Gleditsia  triacanthos  L. 

Popul us  deltoides  Marsh. 

Salix  amyqdaloides  Anderss. 
Sal ix  interior  Rowlee 


Collection  No. 


TREES 


Salix 


Anderss. 


7454,7458,7459 

7461,7477,7479 

7504 

7468 

7451,7473,7483 

7492,7503 

7463 

7521 

7455,7457,7460, 

7465,7467,7471, 

7472,7474,7482, 

7487,7489,7491, 

7493,7495,7500, 

7501,7510,7518 

7456,7475 
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Taxon 

Collection  No. 

Salix  riqida  Muhl . 

Ulmus  americana  L. 

Ulmus  rubra  Muhl. 

7525 

7466,7502 

7490 

SHRUBS 

Cornus  obliqua  Raf. 

7469,7512,7527 

VINES 

Parthenocissus  inserta  (Kerner)  K.  Fritsch 

Vitis  riparia  Michx. 

7505,7506,7515 

7523 

7462,7464,7470, 
7478,7480,7481  , 
7496,7499,7514, 
7517,7522 

HERBS 

Achillea  millefolium  L. 

Phalaris  arundinacea  L. 

Poa  pratensis  L. 

7494 

7452,7453,7485 

7507 

7520 

1 

2.  Wisconsin  Island  2.  Transect  passed  across  narrowest  part 
of  island  with  100%  of  the  ground  cover  Phalaris  arundinacea 
and  several  mature  Salix  interior  and  Ulmus  americana.  Alluvial 
forest. 


POOL  8  TRANSECT  B 


Taxon  Collection  No. 

TREES 

Salix  interior  Rowlee  7545 

Ulmus  americana  L.  7544,7546,7548 

HERBS 

Phalaris  arundinacea  L.  7547 


3.  Bay  east  of  Wisconsin  Island  2.  Ceratophyllum  demersum 
and  Potamogeton  crispus  most  common. 


Taxon 


Collection  No. 


SUBMERGENT,  AQUATIC  PLANTS 


El  odea  canadensis  Michx. 

cri spus  L. 


Potamogeton 

Potamogeton 


foliosus  Raf. 


Potamogeton  pectinatus  L. 


7611 

7613,7615 

7614 

7612 


56 


4.  Bay  west  of  Wisconsin  Island  3. 


Taxon 


Collection  No. 


SUBMERGENT  AQUATIC  PLANTS 


Ceratophyllum  demersum  L.  7609 

Elodea  canadensis  Michx.  7606 

Potamogeton  crispus  L.  7610 

Potamogeton  pectinatus  L.  7601,7602 

Sagittaria  rigida  forma  fluitans  (Engelm.)  Fern.  7603,7604,7608 


EMERGENT  MARSH  PLANTS 

Sagittaria  latifolia  Willd.  7607 

Sagittaria  rigida  Pursh.  (?)  7605 
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5.  Wisconsin  Island  3.  This  "island"  had  many  sloughs  running 
through  it  that  are  not  given  on  the  map.  Ground  cover  was 
invariably  Phalaris  arundinacea.  Dominant  woody  plants  were 
Quercus  bicolor.,  Cephalanthus  occidental i s  and  Ulmus  americana . 


Taxon 


TREES 

Quercus  bicolor  Willd. 

Ulmus  americana  L. 

SHRUBS 

Cephalanthus  occidental  is  L. 

Cornus  obi iqua  Raf . 


Collection  No. 


7551 

7550 


7549,7553 

7552 
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6.  Slough  between  Wisconsin  Islands  3  &  4.  Aquatic  vegetative 
mostly  Ceratophyl Turn  demersum  and  Potamogeton  crispus. 


Taxon 


Collection  No. 


SUBMERGENT,  AQUATIC  PLANTS 


Ceratophyl! urn  demersum  L. 

Elodea  canadensi s  Michx. 
Potamogeton  crispus  L. 

Potamogeton  zosteriformis  Fern. 


7595.7599 

7597.7600 
7584,7586,7587, 

7588.7585.7596 

7583.7585.7596 


EMERGENT,  MARSH  PLANTS 


Sagittaria  1  at i folia  Willd. 

Sagittaria  rigida  forma  fluitans  (Engel.)  Fern. 


7591 

7589,7590,7592 

7593 
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7.  Wisconsin  Island  4.  Alluvial  forest. 
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POOL  8  TRANSECT  8 


Taxon 


Acer  saccharinum  L. 
Betula  nigra  L. 

Quercus  bicolor  Willd. 
Ulmus  americana  L. 


Menispermum  canadense  L. 
Smilax  herbacea  L. 


TREES 


VINES 


HERBS 


Arisaema  dracontium  (L.)  Schott 
Onoclea  sensibil is  L. 

Pi lea  pumila  (L.)  Gray 
Ranunculus  abortivus  L. 

Smilax  ecirrhata  (Tngelm.)  S.  Wats. 
Viola  cucullata  Ait.  (?) 


\\'V  • .  n  i 


Collection  No. 


7571 

7596,7574,7575, 

7580 

7578 
7573 

7579 

7581 
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8.  Bay  between  Wisconsin  Island  4  &  6.  Potamogeton  crispus 
and  P_.  pectinatus  most  abundant. 


Taxon 


Collection  No. 


SLfBMERGENT,  AQUATIC  PLANTS 


Cera tophyll urn  demersum  L. 
Elodea  canadensis  Michx. 
Potamogeton  crispus  L. 

Potamogeton  pectinatus  L. 


7531,7537 

7529,7539 

7533,7535,7538, 

7540,7541,7542 

7530,7532,7536 

7543 


EMERGENT,  MARSH  PLANTS 
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9.  Wisconsin  Island  6.  Alluvial  forest  with 
of  Toxi codendron  rydbergi i . 


Taxon 


TREES 


Acer  saccharinum  L. 

Fraxinus  pennsyl vanica  Marsh. 
Quercus  bicolor  Willd. 


SHRUBS 

Cornus  obi iqua  Raf . 

Sambucus  canadensis  L. 

VINES 


Parthenocissus  quinquefolia  (L.)  Planch. 
Vitis  riparia  Michx. 


HERBS 


Arisaema  dracontium  (L.)  Schott 
Onoclea  sensibilis  L. 


heavy  ground  cover 


Collection  No. 


7621 

7616 

7620 


7618 

7623 


7627 

7624 


7619,7629 

7617,7622,7625, 

7626 

7628 


Phalaris  arundinacea  L. 


10.  Wisconsin  Island  7.  Alluvial  forest  that  was  still  flooded 
at  time  of  visit. 


Witt  I 


12.  Wisconsin  Island  8.  Alluvial  forest  with  ground  cover 
nearly  100%  Phalaris  arundinacea. 
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POOL  8  TRANSECT  B 


Jaxon 


Col lection  No. 


TREES 


u  .  .  7632,7641,7543 

Acer  sacchannum  L.  7634,7637 

MuUmSia  L.  7630,7633,7638 

Quercus  bicolor  Wind.  763g 

[uercus  bicolor  Willd.  with  ft.  rnacrocarfia  Michx.  introgressions 


Cornus  obi i qua  Raf . 


Equisetum  arvense  L. 
Onoclea  sensibilis  L. 
Phalaris  arundinacea  L. 
Pi  lea  purniTa  (L.)  Gray 


SHRUBS 


HERBS 
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13.  Slough  between  Wisconsin  Islands  8  &  9. 


Taxon 


Collection  No. 


SUBMERGENT,  AQUATIC  PLANTS 


Cera tophyll urn  denrrsum  L.  7663 

Elodea  canadensis  Michx.  7664 

Potamogeton  cr ispus  L.  7665 

Potamogeton  zosteriformis  Fern.  7666,7667 


14.  Wisconsin  Island  9.  Alluvial  forest  with  ground  cover  of 
Phalaris  arundinacea  in  open  areas  and  Onoclea  sensibil is  in  shady 
areas  of  transect. 


Taxon 

TREES 

Collection  No. 

Betula  niqra  L. 

Quercus  bicolor  Willd. 

7703 

7696,7697,7698, 

7699 

7704 

Ulmus  americana  L. 

VINES 

Smilax  herbacea  L. 

HERBS 

7700 

Onoclea  sensibil is  L. 

7701 ,7702 

A 
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15.  Bay  between  Wisconsin  Island  9  &  10.  Mostly  shallow  water 
with  marshes  of  Sagittaria  and  Phalaris.  Potamogeton  nodosus  in 
deeper  portions. 


Taxon 


Collection  No. 


SUBMERGENT,  AQUATIC  PLANTS 


Ceratophyllum  demersum  L.  7649,7654 

Elodea  canadensis  Michx.  7653,7655 

Potamogeton  crispus  L.  7648 

Potamogeton  foliosus  Raf.  7651,7652,7656 

Potamogeton  nodosus  Poir.  7650 


EMERGENT,  MARSH  PLANTS 

Phalaris  arundinacea  L.  7646 

Sagittaria  latifolia  Willd.  7647 


i 


■* 
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16.  Wisconsin  Island  10.  Alluvial  forest  with  sparse  ground  covers 
of  Phalari s  arundinacea  (in  sun)  and  Toxicodendron  rydberqi i  (in  shade). 


Taxon 


Collection  No. 


TREES 


Acer  saccharinum  L.  7695 

Betula  nigra  L.  7692 

Quercus  bicolor  Willd.  7690,7693 

Ulmus  americana  L.  7694 


VINES 

Menispermum  canadense  L.  7691 


18.  Wisconsin  Island  11.  Alluvial  forest  with  ground  cover  of 
Phalaris  arundinacea. 


19.  Bay  between  Wisconsin  Islands  11  &  12. 


Taxon 


Collection  No. 


SU8MERGENT,  AQUATIC  PLANTS 


Ceratophyllum  demersum  L.  7682 
Elodea  canadensis  Michx.  7679 
Potamogeton  cri spus  L.  7683 
Potamogeton  foliosus  Raf.  7677 
Potamogeton  nodosus  Poir.  7678 
Potamogeton  pectinatus  L.  7675 
Potamogeton  zosteriformis  Fern.  7676 


EMERGENT,  MARSH  PLANTS 

Saqittaria  engelmanniana  J.G.  Smith  (?) 

Saqittaria  rigida  forma  fluitans  (Engelm.)  Fern. 


7680 

7681 
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20.  Wisconsin  Island  12.  Mature  alluvial  forest;  transect  passed 
over  lowest  portion.  Rather  diverse  flora  for  an  alluvial  island. 


Taxon 


Collection  No. 


TREES 


Acer  saccharinum  L. 

Betula  nigra  L. 

Betula  pumila  L.  var  glandulifer  Regel. 
Carya  cordiformis  (Wang.)  K.  Koch 
Gleditisia  triacanthos  L. 

Fraxinus  pennsyl vanica  Marsh. 

Populus  deltoides  Marsh. 

Quercus  bicolor  Willd. 

Quercus  rubra  L. 

Ulmus  americana  L. 

Ulmus  rubra  Muhl . 

Zanthoxylem  americanum  Mill. 


7747 

7727,7740,7744, 

7748 
7765 
7756 
7730 

7739,7743,7755 

7767 

7729,7752,7766 

7737 

7742 

7753 

7769 


SHRUBS 


Cornus  obliqua  Raf .  7741 
Cornus  racemosa  Lam.  7750 
Spiraea  alba  Du  Roi  7762 
Viburnum  lentago  L.  7763 


VINES 

Menispermum  canadense  L.  7751 
Parthenocissus  quinquefolia  (L.)  Planch.  7760 
Vitis  rlparia  Michx.  7758 


I 
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Taxon 


Collection  No. 


HERBS 


Anemone  canadensis  L. 

Carex  scoparia  Schk.  (?) 

Carex  tribuloides  Wahlenb.  (?) 
Equisetum  arvense  L. 

Gal ium  obtusum  Bigel . 

Impatiens  biflora  Walt. 
Laportea  canadensis  (L.)  Wedd. 
Oxalis  stricta  L. 

Pi  lea  pumila  (L.)  Gray 
Phalari s  arundi nacea  L. 
Physalis  heterophylla  Nees. 
Ranunculus  abort! vus  L. 

Viola  missouriensis  Greene 


7734,7754,7772 

7735 

7746,7771 
77 49,7761 

7732 
7764 
7770 

7736 
7745 

7768,7773 

7731,7757 

7733 
7738 
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21.  Mormon  Slough  between  Wisconsin  Islands  12  &  13.  Center  of 
Slough  deep  and  devoid  of  rooted  aquatic  vegetation. 


POOL  8  TRANSECT  B 


Taxon 


Collection  No. 


SUBMERGENT,  AQUATIC  PLANTS 


Ceratophyllum  demersum  L. 

Elodea  canadensis  Michx. 
Heteranthera  dubia  (Jacq.)  MacM. 
Nymphaea  tuberosa  Paine 
Potamoqeton  crispus  L. 
Potamoqeton  fol iosus  Raf . 
Potamogeton  nodosus  Poir. 
Potamogeton  pectinatus  L. 
Potamoqeton  zosteri formis  Fern. 
Vallisneria  americana  Michx. 


7795 

7784 
7797 

7791 

7785 

7793,7794 

7783 

7792 

7796,7798,7799 

7786,7787,7788, 

7789,7790 


22.  Wisconsin  Island  13.  A  narrow  island  with  Fraxinus  pennsylvanica 


Cornus,  Asclepias  incarnata,  and  Phalaris  predominating. 


Taxon  Collection  No. 

TREES 

Acer  saccharinum  L.  7778 

Fraxinus  pennsylvanica  Marsh.  7779 

Quercus  bicolor  Willd.  7775 

Ulmus  americana  L.  7777 

SHRUBS 

Cephalanthus  occidental  is  L.  7782 

Cornus  racemosa  Lam.  7774 

HERBS 

Asclepias  incarnata  L.  7776 

Rhalaris  arundinacea  L.  7780 


23.  Bay  between  Wisconsin  Island  13  &  14. 


Taxon 


Collection  No. 


SUBMERGENT,  AQUATIC  PLANTS 


Cera tophy Hum  demersum  L.  7808 

El  odea  canadensis  Michx.  7806 

Heteranthera  dubia  (Jacq. )  MacM  7809 

Nelumbo  pentapetala  (Walt.)  Fern.  7803 

Nympheae  tuberosa  Paine  7804 

Potamogeton  crispus  L.  7805 

Potamogeton  fol iosus  Raf .  7807 

Potamogeton  pectinatus  L.  7810 

Potamogeton  zosteriformis  Fern.  7811.7812,7813, 

7814 

EMERGENT,  MARSH  PLANTS 

Sagittaria  latifolia  Willd.  7800,7801 

Sagittaria  rigida  Pursh.  7802 
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24.  Stump  field  between  Wisconsin  Island  14  and  Wisconsin  shore. 


Taxon 


Collection  No. 


SUBMERGENT  AQUATIC  PLANTS 


Cera tophy 11 um  denersum  L. 

Elodea  canadensis  Michx. 
Myriophyllum  exalbescens  Fern. 
Nymphaea  tuberosa  Paine 
Potamogeton  crispus  L. 
Potamogeton  fol iosus  Raf . 
Potamogeton  nodosus  Poir. 
Potamogeton  pectinatus  L. 
Potamogeton  zosteriformis  Fern. 

Ranunculus  circinatus  Sibth. 

Vi  1 1 isneria  americana  Michx. 


7718,7719 

7712 

7709,7710,7711 

7706 

7713 

7716 

7714 

7715,7725 

7720,7721,7722 

7723,7724 

7705 

7717 


» 


EMERGENT  MARSH  PLANTS 
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There  are  three  major  classifications  vascular  plant  habitats 
utilized  for  this  study.  They  are  defined  and  limited  by  water 
depth  and/or  duration  of  flooding  and  are:  1)  areas  covered  with 
flood  waters  during  part  of  the  growing  season,  at  least  on  some 
years;  2)  areas  covered  with  several  to  many  feet  of  water  during 
flood  stage  but  reduced  to  shallow  water  or  wet  soil  later  in 
the  growing  season;  3)  areas  covered  with  more  than  6  to  12  inches 
of  water  at  all  times,  except,  perhaps  in  instances  of  drought, 
the  vascular  plant  communities  present  in  these  habitats  are 
broadly  defined  for  this  report  as  alluvial  forest,  marsh,  and 
submergent  aquatic  respectively.  Trees  always  indicate  alluvial 
forest,  emergent  herbs,  most  commonly  the  arrowheads,  indicate 
marsh,  and  submergent  vascular  plants,  such  as  species  of  Potamogeton, 
and  Ceratophyllum  demersum,  indicate  the  submergent  communities. 

ALLUVIAL  FORESTS 

None  of  the  land  areas  traversed  by  the  transects  are  free 
from  flooding.  Exceptions  to  this  statement  would  be  the  steep 
Minnesota  banks  and  those  portions  of  the  islands  adjacent  to  the 
channel  that  are  built  up  by  the  deposition  of  dredge  spoil. 

There  were  a  total  of  15  such  land  areas  or  islands  on  the  transects 
ranging  in  width  from  several  feet  to  over  a  mile.  The  particular 
associations  of  woody  plants  found  on  these  islands  will  vary  some¬ 
what  depending  upon  how  often  the  islands  or  land  areas  in  question 
are  flooded  and  how  long  the  flooding  lasts.  This  would  evidently 
be  related  directly  to  the  elevation  of  the  land  areas  or  islands 
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in  question.  It  has  not  been  found  profitable  to  seperate  different 
associations  of  plants  other  than  to  state  here  that  Betula  nigra 
and  Quercus  bicolor  appear  to  favor  wetter  situations  and  are 
relegated  to  the  margins  of  alluvial  islands  once  the  soil  has  been 
built  to  a  point  where  Ulmus  americana  and  Acer  saccharinum 
have  invaded  and  become  dominant. 

The  less  often  an  island  or  land  mass  appeared  to  be  flooded, 
judging  from  what  was  seen  on  the  transects,  the  more  diverse, 
relatively  speaking,  was  the  vascular  flora.  The  greater  the 
frequency  and  duration  of  inundation,  the  fewer  the  total  number 
of  taxa.  Table A1 3 demonstrates  the  dominant  members  of  the  alluvial 
forest  as  determined  by  frequency  of  occurrence.  This  table,  as 
all  the  others  that  follow,  was  obtained  by  determining  the  frequency 
with  which  a  particular  species  was  found  in  that  habitat  on  the 
transects.  Ulmus  americana,  for  example,  found  at  least  once 
on  13  of  the  15  alluvial  islands  or  land  masses  crossed  by  the  tran¬ 
sects,  is  given  the  frequency  index  of  .87.  This  is  a  very  rough 
estimate  of  the  frequency  of  occurrence  of  a  particular  species, 
but  still,  I  believe,  a  very  useful  indicator.  Tables  A14,  A15 
and A1 6 give  frequency  values  for  alluvial  forest  shrubs,  vines, 
and  herbs  respectively.  This  data  is  essentially  the  same  manner 
of  reporting  this  information  as  the  present  values  of  Curtis  (1959). 
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MARSH 

All  emergent  vegetation  was  defined  as  marsh  vegetation. 

Indeed,  the  vegetation  itself  indicated  the  habitats  herein  defined 
as  Marsh.  This  is  vegetation  that  cannot  withstand  total  submersion 
for  relatively  long  periods  of  time,  particularly  not  during  the 
middle  and  later  parts  of  the  growing  season,  nor  can  it  withstand 
relatively  dry  conditions  for  long.  The  most  frequently  encountered 
species  in  this  habitat  was  Sagittaria  rigida.  Some  shrubs  are 
often  found  in  marshes,  as  herein  defined,  on  land  masses  slightly 
raised  above  the  surrounding  areas,  in  much  the  same  manner  as 
these  taxa  are  often  found  as  transitional  between  the  marsh  and  the 
alluvial  forest.  These  shrubs,  such  as  Cephalanthus  occidental  is 
and  species  of  Cornus  and  Salix,  were  counted  with  the  alluvial 
forest  vegetation.  Table  A17  gives  frequency  data  for  the  species 
found  in  this  habitat. 

SUBMERGENT  AQUATIC 

Cera tophyll urn  demersum,  Elodea  canadensis,  and  Potamogeton 
crispus  were  the  most  frequently  encountered  species  in  this  habitat. 
This  is  clearly  demonstrated  in  Table  A18.  Again,  it  is  necessary 
to  bear  in  mind  that  these  figures  represent  gross  frequencies  only; 
they  are  in  no  way  indicators  of  abundance  at  a  particular  site. 
Standing  crop  figures  may  be  entirely  different  from  these.  It 
is  interesting  to  note  that  one  of  the  most  frequently  encountered 
members  of  this  habitat,  Potamogeton  crispus,  is  not  a  native  member 
of  our  flora.  The  original  submergent  flora  of  the  undisturbed 
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Mississippi  River  and  its  natural  pools  must  have  been  far  different 
in  terms  of  species  composition. 

Other  aspects  of  the  project,  particularly  maintenance  dredging, 
has  also  resulted  in  the  hinderance  of  stabilization  of  the  river 
system,  and  is  threatening  many  of  the  areas  where  the  high  re¬ 
creational  value  exists.  Three  notable  examples  are:  Crosby  Slough 
(Mile  687-688),  Coney  Island,  (Mile  689-690)  and  upper  Pettibone 
Island  (Mile  699-700). 

Examination  of  the  dredge  spoil  sites  reveals  the  following: 

1.  That  spoil  deposited  on  the  upper  end  of  Coney  Island  is 
very  unstable  and  washes  either  back  into  the  channel  or  into  the 
slough  on  the  Minnesota  side  of  the  Island. 

2.  That  spoil  deposited  at  Mormon  Slough  is  threatening  to  close 
that  water  passage  into  the  upper  end  and  the  middle  of  Goose 
Island  . 

3.  That  spoil  deposition  at  Crosby  Slough  is  threatening  to  close 
the  channel  as  a  water  supply  for  the  upper  open  pool  reach,  a  vital 
area  for  fish  and  waterfowl. 

Crosby  Slough  Dredge  Spoil  Study 

During  the  summer  of  1973,  a  special  dredge  spoil  study  was 
conducted,  to  determine  the  immediate  effects  of  spoil  deposition  and 
dredging  activity  in  Pool  No.  8. 

Forty  stations  were  established  in  the  immediate  vicinity  of  the 


dredge  spoil  site  at  Crosby  Slough  (Mile  690.2)  Benthic  samples 
and  water  chemistry  determinations  were  made  prior  to,  during,  and 
Immediately  after  dredging.  The  William  A.  Thompson  was  scheduled 
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to  deposit  approximately  130,000  cu.  yds.  of  material  on  the  island 
for  this  particular  job.  The  stations  were  located  upstream  and 
downstream  from  the  dredge  spoil  site  (Figure  11  ).  Each  station 
was  sampled  four  times  during  the  experiment.  The  first  set  of 
data  (8S-1)  was  collected  four  days  prior  to  dredging  activity. 

The  second  and  third  sets  of  data  (8S-2,  8S-3)  were  collected  during 
the  period  when  dredging  was  occurring.  The  fourth  set  of  data 
(8S-4)  was  collected  one  week  after  completion  of  dredging. 

A  time  series  analysis  of  variance  (F-distribution)  was  cal¬ 
culated  for  the  means  of  all  parameters  collected  on  the  four  days. 
Significant  differences  were  noted  between  the  means  of  the  following 
parameters  collected  on  the  four  dates:  Temperature,  turbidity, 
nitrate  nitrogen,  nitrite  nitrogen,  and  dissolved  oxygen. 

No  ecological  significance  is  placed  on  the  differences  in 
temperature  and  dissolved  oxygen,  in  the  sense  that  they  were  affected 
by  dredging.  Rather,  they  are  probably  a  function  of  diurnal  changes 
and  appear  because  the  stations  were  sampled  during  different  times 
of  the  day.  The  turbidity  increase  however  is  related  to  dredging. 
(Table  Mi*  The  operation  of  the  dredge  and  tender  boats  in  a 
rather  confined  area  created  disturbances,  resulting  in  the  ir<-rease. 
This  is  supported  by  direct  observation.  However,  the  greatest 
contributor  to  the  increase  in  suspended  particles  was  probably  the 
runoff  the  the  dredged  material  from  the  spoil  site. 

The  increase  in  nitrate  and  nitrite  nitrogen  levels  after 
dredging  is  also  related  to  the  activity  occurring  on  the  site. 
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The  source  of  nitrogen,  however,  was  not  identified.  The  ambient  nitrogen 
levels  in  the  channel  areas  where  dredging  occurred,  was  relatively  low 
and  probably  cannot  be  accountable  as  the  source  of  the  increased 
nitrogen  levels  in  the  downstream  water.  However,  the  development  of 
a  plant  community  on  the  spoil  site  during  previous  years  has  resulted 
in  the  accumulation  of  nitrogen  in  the  poorly  developed  soils.  Leaf 
litter  and  other  forest  floor  materials  have  accumulated.  It  appears 
then,  that  the  runoff  of  the  dredge  slurry  from  the  site  during  dredging 
has  leached  some  of  these  nitrogenous  materials  from  the  site  and  app¬ 
arently  has  deposited  it  in  downstream  waters. 

In  summary,  the  effects  of  dredging  on  water  chemistry  at  the 
Crosby  Slough  area  appear  to  be  localized.  That  is,  significant  down¬ 
stream  changes  in  the  chemical  parameters  measured  would  not  appear  to 
have  long  term  consequences.  The  act  of  dredging  constitutes  a  local 
disturbance  that  becomes  normalized  in  a  relatively  short  period  of 
time.  However,  the  physical  consequences  of  the  placement  of  spoil 
material  are  great  and  will  be  discussed  separately.  This  placement  of 
material  on  Crosby  Island  resulted  in  the  complete  overlaying  of  the 
existing  soil  that  had  developed  prior  to  dredging.  In  addition  to  this, 
the  existing  plants  on  the  island,  with  the  exception  of  willow  trees, 
were  completely  covered  or  killed  at  the  immediate  spoil  site.  This 
obviously  constitutes  habitat  destruction,  and  results  in  the  complete 
eradication  of  the  existing  ecosystem  operating  on  the  site.  Equally 
important,  the  general  state  of  instability  of  the  spoil  material  with 
regard  to  wind  and  water  erosion,  places  in  jeopardy,  areas  that  are 
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situated  close  to  the  spoil  site.  In  the  case  of  Crosby  Slough,  the 
small  channel  located  just  east  of  the  spoil  site  has  begun  to  fill  with 
sediments  from  the  runoff  of  the  spoil  material,  and  will  probably 
continue  to  fill  from  future  wind  and  water  erosion.  This  is  supported 
by  the  benthos  data  collected  at  the  site  during  the  summer  of  1973. 
Samples  collected  before  and  after  dredging  indicate  that  there  has 
been  a  100-300%  reduction  of  organisms  (by  weight)  at  the  most  sensitive 
sites  close  to  the  spoil  site.  In  particular,  mayflies  and  clams  and 
snails  were  the  most  affected  (see  data  supplement).  Obviously  this 
was  due  to  the  overlaying  of  productive  sediments  with  sand  and 
rendering  them  unproductive. 
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SOCIOECONOMIC  SYSTEMS 

Specific  impacts  of  Corps'  operation^  on  the  subdivisions  of 
socioeconomic  systems  for  Pool  8  are  identified  below  and  then  dis¬ 
cussed  in  detail. 


Identification  of  Impacts 

The  impacts  on  the  socioeconomic  systems  related  to  the  study 
area  of  the  Upper  Mississippi  River  divide  into  the  industrial,  re¬ 
creational,  and  cultural  effects. 

Industrial  Impacts 

In  contrast  to  some  pools  in  the  study  area  that  have  had 
limited  industrialization  along  their  banks,  Pool  8  has  had  a  signi¬ 
ficant  amount  and  is  the  origin  or  destination  of  a  portion  of  the 
commodities  that  move  through  the  pool.  The  result  is  that  the 
industrial  impacts  of  operating  and  maintaining  the  nine-foot 
channel  in  Pool  8  have  been  important.  The  principal  industrial 
impacts  are: 

1.  Increase  in  employment  as  a  result  of  the  seven  commercial 
docks  located  in  Pool  8. 

2.  Increased  turbidity  of  water  in  some  portions  of  the 
Upper  Mississippi  River  due  to  barge  movement. 

3.  Additional  employment  due  to  the  operation  of  Lock  and 
Dam  8. 
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4.  An  Initial  increase  in  commercial  fishing  and  trapping 
because  higher  water  levels  caused  increased  acreage  of 
suitable  fish  and  fur-bearer  habitat.  More  recently,  a 
potential  decline  in  commercial  fishing  because  recent 
improper  dredge  spoil  placement  has  reduced  suitable 
fish  habitat. 

To  summarize,  beneficial  industrial  impacts  that  result  from 
operating  and  maintaining  the  nine-foot  channel  and  its  associated 
locks  and  dams  by  the  Corps  of  Engineers  are  the  through- traffic 
link  for  commodities  moving  up  and  down  the  river,  the  employment 
in  lock  and  dam  and  commercial  dock  operations,  and  an  initial 
increase  in  the  potential  for  commercial  fishing  and  trapping.  The 
detrimental  effects  are  a  decline  in  water  quality  due  to  river 
barge  movement  and  spills  and  with  continued  improper  dredge  spoil 
placement  a  likely  decline  in  commercial  fishing. 

Recreational  Impacts 

1.  An  increase  in  recreational  boating  due  to  stable, 
navigable  water  levels  which  leads  directly  to  more 
recreation  facilities  and  their  accompanying  employment. 

2.  An  Immediate  increase  in  sport  hunting  and  fishing  due 
to  an  increase  in  — 

a.  Waterfowl  habitat,  and 

b.  Fish  spawning  areas  resulting  from  rising  water 
levels. 


Again,  «s  with  commercial  fishing  cited  above,  improper 
dredge  spoil  placement  has  recently  had  a  detrimental 
effect  on  sport  hunting  and  fishing. 

3.  An  increase  in  sightseeing  visitors  to  the  lochs  and 
dams  at  both  ends  of  the  pool. 

Cultural  Impacts 

No  archaeological,  historical,  or  contemporary  sites  of 
cutural  significance  in  bool  8  are  known  to  have  been  affected  by 
Corps'  operations. 


Discussion  of  Impacts 

The  industrial,  recreational, and  cultural  impacts  identified 
above  are  examined  in  detail  In  the  following  three  sections.  Re¬ 
source  Implications  of  these  three  socioeconomic  Impacts  are  discussed 
in  Section  6. 

Industrial  Activities 

The  economic  effect  of  the  activities  of  the  Corps  of  En¬ 
gineers  on  the  Mississippi  River  in  the  St.  Raul  Oistrict  can  be 
measured  mainly  In  terms  of  three  major  elements.  They  are: 

1.  The  channel  Itself  with  Us  associated  locks  and  dams 
and  navigational  aids; 

2.  The  Installations  at  riverside  for  the  transfer  of 
cargo,  storage  facilities,  and  access; 


3.  The  vessels  using  the  waterway. 
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In  these  term  (He  impact  of  (He  Carpi *  activities  in  Pool  8 
it  not  it  fTNt  it  in  tone  of  tie  other  pools  in  tbe  Northern  Section 
of  the  Upper  Mississippi  River. 

garje  ictivit/.  Tie  greatest  inn  most  obvious  indict  of  the 
activities  of  tie  Corp  of  engineers  m  Poo)  8  Hit  been  Ue 
modification  of  (M  transportation  sysla*  (he  tt  lie  fiovtii  of 
barge  traffic.  lie  visual  evidence  of  uh»  topic t  it  teen  in  tie 
physical  ttrectem  (e.p.  .  locks  ind  dent  end  seven  commercial 
docks  end  teminaltJon  me  snores  ind  in»  barge  lovt  moving  along 
tbe  river.  however.  Pool  8  «t  not  tne  origin  of  Ue  terminal  for 
any  of  tne  connoditiet  met  nove  *•  barges  ilong  me  upper 
Nittittippi  River.  Reiner,  «i  serves  os  in  important  Meter  lint 
between  important  (owedKi  terminals  upstream  end  downstream 
from  it. 

figures  I?  end  I)  snow  graphically  tne  growth  of  receipts 
into  ind  shipments  from  me  St.  Piet  0»slr«ct  iv  Ue  )0  years  free 
1940  to  1970.  Connoditiet  mm  in  tbe  liprts  tliettrate  tbe 
diverse  econonit  activity  within  tn»  St.  Peel  District,  tnit  Ji* 
eerslty  it  ilto  generally  tree  of  Pool  8  nee  seven  comment  tat 
docks  Handle  all  of  tne  commodities  snow*  in  tbe  figones.  However, 
tne  bill  of  tno  conned) ties  Uom  in  figure*  1?  and  U  floe 
through  tno  pool  enrovte  tlmdeni.  Although  receipts  in  tbe 
St.  Piel  Olstrtct  still  substantially  evened  shipments,  tbe  proem 
In  sblpnonts  (89  portent  grain)  from  tbe  district  in  these  three 
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decides  indicate*  the  greet  impact  of  the  river  on  the  regional 
economy. 

In  1970  some  rough  projections  (based  on  1964  data)  were 
made  of  the  growth  of  commerce  in  the  St.  Paul  District  (UMREBS, 
Study  Append u  J.  1970).  The  projections  suggest  that  the  tonnage 
of  barge  traffic  moved  in  the  Upper  Mississippi  River  basin  will 
about  double  from  1964  to  1980  and  about  triple  from  1964  to  2000. 

It  is  noteworthy  that  receipts  into  the  St.  Paul  District 
have  always  evceedrd  Shipments.  In  earlier  years  this  inbalance 
was  often  t*tr«R*  (e.g..  1953  receipts  •  3,052,144  tons,  shipments  ■ 
334.233  tons).  Recently,  however,  the  ratio  has  been  around  2:1. 
Inasmuch  as  grains  and  soybeans  constitute  the  preponderant  tonnage 
of  shipments,  fluctuation  in  waterborne  transport  of  these  pro¬ 
duct*  can  be  profound  due  to  crop  conditions  and  storage  facilities, 
foreign  saint .  and  competing  forms  of  transportation. 

Oata  are  not  available  on  the  numbers  of  vessels  originating  , 
terminating,  or  passing  tvough  the  St.  Paul  District.  However, 
some  comparative  idea  of  shipping  activity  can  be  gained  from  the 
following  information.  Vessel  traffic  measured  in  tons  from 
Minneapolis  to  the  mouth  of  the  Missouri  River  is  shown  for 
selected  years  as  follows: 


k 


»'_• 'JW. 
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Year  Total  Vessel  Traffic  (Tons) 


1962 

30,526,626 

1964 

34,108,482 

1966 

41,311,941 

1968 

46,174,929 

1970 

54,022,749 

1971 

52,773,097 

Some  comparative  idea  of  barge  activity  can  be  gained  from 
studying  the  commercial  lockages  through  Lock  8  and  Lock  7  —  the 
locks  at  either  end  of  Pool  8  —  which  are  shown  in  Figure  5. 

From  1960  to  1972  commercial  lockages  through  Lock  8  increased  by 
28  percent  and  those  through  Lock  7  increased  by  83  percent. 


Commercial  Dock  Facilities.  Firms  that  depend  heavily  on  the 
river  often  maintain  riverside  facilities.  Pool  8  contains  seven 
commercial  docks  and  terminals,  including  four  that  supply  coal 
and  petroleum  to  Northern  States  Power  Company,  Socony  Mobil, 

Texas  Oil  Company,  and  La  Crosse  Coal  Company.  Another  transships 
grain  for  Cargill  Company. 

Behind  many  of  these  docks  are  installations  and  storage 
facilities  that  are  dependent  upon  them.  Thus,  the  ramifications 
of  river  navigation  reach  Into  the  entire  economy  of  the  region 
surrounding  Pool  8.  Employment  directly  and  indirectly  connected 
to  these  industries  Is  Important  to  the  regional  work  force. 
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Commercial  Fishing,  Pool  8  is  a  major  source  of  commercial 
fishing  in  the  Northern  Section  of  the  Upper  Mississippi.  After 
Pools  4  and  9,  Pool  8  produces  more  fish  for  commercial  purposes 
than  any  other. 

Table  5  shows  the  annual  commercial  catch  for  most  years 
from  1960  through  1969.  Some  wide  fluctuations  occurred  during 
the  decade  --  the  peak  catch  being  1,192,000  pounds  in  1962. 

However,  even  with  the  wide  year-to-year  variation  in 
commercial  fishing  in  Pool  8  shown  in  Table  5  ,  the  level  of 
commercial  fishing  is  greater  than  prior  to  the  lock  and  dam 
construction.  This  increased  commercial  fishing  in  Pool  8  since 
the  lock  and  dam  construction  is  at  least  partially  due  to  the 
beneficial  impact  of  a  larger  area  of  fish  habitat  caused  by  the 
rising  water  level.  However,  in  recent  years  improper  dredge 
spoil  placement  and  sedimentation  below  wing  dam  has  reduced  fish 
habitat.  Some  experts  on  river  fishing  believe  that  major  year- 
to-year  variations  in  commercial  fish  catches  are  less  affected 
by  the  supply  of  fish  in  the  river  than  by  market  demand,  as  re¬ 
flected  in  prices  commercial  fisherman  receive  for  their  catch. 
For  example,  high  meat  prices  in  mid-1973  have  caused  fish  prices 
to  increase  with  an  attendant  increase  in  commercial  fishing 
activity  on  the  river  (Fernholtz,  personal  communication). 
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Table  5.  Commercial  fishing,  average  catch  per  unit  effort  with 
setlines,  gill  nets,  and  seines,  and  total  pounds  caught 
per  year  Navigation  Pool  No.  8,  Upper  Mississippi  River. 


YEAR 

Set  Line 

Gill  Net 

Seine 

Total  Pounds 

1953 

10.80 

0.13 

0.48 

375080 

1954 

10.00 

0.22 

0.31 

369220 

1955 

16.06 

0.16 

0.55 

436420 

1956 

7.45 

0.20 

0.67 

462983 

1957 

10.86 

0.13 

0.49 

93559 

1958 

9.47 

0.19 

0.48 

487154 

1959 

12.47 

0.23 

0.90 

633991 

1960 

11.12 

0.25 

1.68 

764697 

1961 

13.66 

0.35 

0.90 

921613 

1962 

d.98 

0.11 

2.20 

1144425 

1963 

12.35 

0.14 

1.50 

645545 

1964 

13.94 

0.16 

2.42 

1063069 

1965 

12.44 

0.21 

5.23 

860506 

1966 

14.59 

0.20 

3.28 

790769 

1967 

14.93 

0.15 

5.10 

860269 

1968 

15.24 

0.17 

8.66 

670758 

1969 

15.73 

0.20 

3.96 

553622 

1970 

16.46 

0. 29 

6.14 

782864 

1971 

20.41 

0.28 

7.00 

1019762 

Recreational  Impacts 

Recreational  impacts  nay  be  divided  into  boating  activities 
and  related  facilities,  sport  fishing  and  hunting,  and  other  re* 
creational  activities. 


Boating  Activities  and  Related  facilities.  for  Pool  B  the 
best  available  Measures  of  pleasure  boating  activity  are  records 
of  pleasure  boats  locking  through  loess  8  and  7  —  the  lock*  at 
each  end  of  the  pool.  These  data  ••  along  with  the  total  pleasure' 
boat  lockages  through  these  two  locks  —  are  shown  in  figure  8 
for  the  years  i960  to  1972.  The  table  shows  significant  increases 
in  pleasure  craft  locking  through  both  loch  6  (free  about  4,008 
in  1960  to  about  5,600  in  1972)  and  lock  7  (free  about  6,ft00  to 
9,200  during  the  period).  The  table  also  shows  an  accompanying 
increase  in  the  number  of  pleasure  boat  lockages  at  both  locks 
during  the  period  although  the  increases  lave  not  been  as  dramatic 
as  for  the  number  of  pleasure  boats  moving  through  the  two  locks 
because  several  pleasure  boats  can  be  handled  m  each  lockage. 

The  nine- foot  channel  and  associated  locks  and  dams  have 
provided  stable  water  levels  that  have  contributed  significantly 
to  the  increased  boating  activity  in  hoot  8,  as  have  increased 
regional  population,  higher  levels  of  family  income,  and  mere 
leisure  tine. 

A  variety  of  physical  facilities  have  been  developed  in 
Pool  8  that  exist  mainly  to  serve  boaters  and  fishermen  using  the 
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pool.  These  i«c)*ae: 
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recreational  activity  for  Pool  8.  The  most  precise  data  available 
are  for  1963  and  appear  in  Table  6  .  The  data  are  a  composite  of 
both  Corps  of  Engineers  and  Bureau  of  Sport  Fisheries  and  Wildlife 
{from  the  upper  Mississippi  River  aildlife  and  Fish  Refuge) 
visitation  compilations  for  that  year.  In  addition  to  being  the 
vies i  accurate  data  available  to  date,  they  are  the  most  usable 
since  visitation  survey  estimates  were  broken  down  to  show  ratios 
of  participation  in  tne  seven  «cst  appropriate  activities  on  an 
annual  and  peas  month  basis.  Total  annual  visitation  to  Pool  8  in 
1%)  was  estimated  at  about  300. OCO  which  was  the  highest  for  any 
pool  m  the  S«  Raul  Oistnct  and  represents  the  equivalent  of  about 
three  visits  for  each  ©f  the  100.000  people  residing  in  the  area  of 
the  peel  (M.  Raul  district.  Hov«n*r.  l%7). 

Visitation  during  the  peak  month  of  July,  1963  was  estimated 
at  *&«>  '!  or  more  than  ?6  percent  of  the  annual  visitation. 

f*ble  *>  thetas  *  breakdown  of  total  annual  visitation  and  peak 
month  visitation  by  activities.  Visitation  for  hunting  appears 
only  under  the  annual  category  since  it  does  not  occur  in  the 
Sanm«>r  months  and  stars  not  influence  determination  of  summertime 
pneh  toads  It  is  estimated  that  about  60  percent  of  the  total 
visitation  shown  in  t«ble  6  t»  generated  at  or  through  avialable 
publicise  sites,  afith  the  possible  erceptions  of  camping  and 
bichiti*$.  the  other  five  activities  cUed  In  Table  6  ,  which 
account  for  over  90  percent  of  the  total  participation,  are  water- 
related.  It  seems  reasonable  to  conclude  that  the  higher,  stable 
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Table  6.  Pool  8  total  visitation  -  1963 


Annual  1963 

Peak  periods 

Activity 

Percent 
of  total 

Activity 

participation 

Percent 
of  total 

Activity  Participation 
Month  ( Jul )  Peak  Day 

Camping 

1.5 

4,500 

2.5 

1,950 

150 

Picnicking 

7.0 

21,000 

10.4 

8,110 

610 

Boating 

32.0 

96,000 

38.0 

29,640 

2,230 

Fishing 

48.0 

144,000 

40.0 

31,200 

2,350 

Mater  skiing 

1.8 

5,400 

2.3 

1,800 

140 

Swimming 

4.5 

13,500 

6.8 

5,300 

400 

Subtotal 

94.8 

284.400 

100.0 

78,000 

5,880 

Hunting 

5.2 

15,600 

— 

10,920 

(Oct) 

820 

(Oct) 

Total  annual 

100.0 

300,000 

Source:  St.  Paul  District  of  the  U.S.  Army  Corps  of  Engineers.  November,  1967. 
Page  20. 
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water  level  in  Pool  8  resulting  from  the  construction  of  Lock  and 
Dam  8  has  had  a  favorable  impact  on  these  five  activities. 

The  Winona  District  of  the  Upper  Mississippi  River  Wildlife 
and  Fish  Refuge  has  collected  public-use  data  on  the  portion  of  the 
refuge  that  lies  in  Pools  7  and  8.  These  data  appear  in  Table  6 
These  data  again  emphasize  the  importance  of  the  river  as  a  re¬ 
creational  resource  for  fishermen,  water-sport,  and  camping 
activities  —  about  80  percent  of  the  visitors  using  the  river 
for  these  purposes. 

Another  source  of  data  on  sport  fishing  is  available  because 
attendants  at  each  lock  and  dam  make  daily  observations  at  3:00  p.m. 
each  day  throughout  the  year  of  the  number  of  sport  fishermen  ob¬ 
served  from  their  work  location.  Annual  data  for  the  most  recent 
years  for  which  these  records  are  available  appear  in  Figure  9. 

The  table  shows  some  variation  in  sport  fishermen  observed  from 
Lock  and  Dam  7  and  8  since  1960.  Because  most  sport  fishermen 
observed  from  a  lock  and  dam  are  downstream  from  the  dam,  most  of 
the  fishermen  seen  from  Lock  and  Dam  8  are  in  Pool  9.  Fishermen 
in  Pool  8  —  as  seen  from  Lock  and  Dam  7  fluctuated  by  about  10,000 
people  during  the  period  from  1960  to  1970.  However,  it  should 
be  emphasized  that  these  data  are  not  precise  and  only  an  index 
to  sport  fishing  activity  in  the  pool. 

In  terms  of  impact  on  sport  fishing,  the  higher  water  level 
in  Pool  8  has  increased  the  spawning  areas  for  fish.  In  theory 
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this  offers  the  potential  for  more  sport  fishing.  However,  the 
potential  both  for  increased  commercial  and  sport  fishing  in  Pool  8 
may  be  partially  offset  by  river  pollution  and  turbidity  from  barge 
activity  in  it.  Also  in  recent  years  improper  dredge  spoil  place¬ 
ment  has  reduced  the  acreage  of  available  fish  habitat  in  Pool  8, 
and  sedimentation  has  also  hurt  fish  habitat  —  particularly  in 
areas  below  wing  dams.  Therefore,  Corps'  operations  following 
the  construction  of  Lock  and  Dam  8  have  had  both  positive  and 
negative  effects  on  fish  (and  also  waterfowl)  habitat  in  the  pool. 

As  the  water  level  in  Pool  8  was  raised  by  Corps'  opera¬ 
tions,  habitat  for  residential  and  migratory  waterbirds  was  ini¬ 
tially  increased.  As  with  fish  habitat,  improper  dredge  spoil 
placement  in  recent  years  has  also  reduced  waterfowl  habitat. 

This  suggests  the  potential  for  greater  bird  hunting  adjacent  to 
Pool  8.  Some  measure  of  hunting  activity  in  the  pool  is  shown  in 
Table  6  that  notes  15,600  hunting  visits  to  Pool  8  in  1963. 

Recreational  sites  along  the  perimeter  of  Pool  8  also 
facilitate  sightseeing,  picnicking,  hiking,  and  camping.  While 
non-boating  visitors  to  these  sites  might  be  there  whether  Corps' 
operations  existed  on  the  Upper  Mississippi  or  not,  virtually  all 
of  the  activities  at  these  sites  by  boaters  are  attributable  to 
Corps'  activities.  In  addition,  visitors  of  overlooks  at  locks 
and  dams  are  a  direct  result  of  Corps'  operations. 
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Cultural  Impacts 

Conversations  with  the  State  Archaeologists  for  Minnesota 
and  Wisconsin  (Streiff  and  Freeman,  personal  communications) 
revealed  no  evidence  to  indicate  any  cultural  impacts  on  sites  in 
Pool  8  through  the  activities  of  the  Corps  of  Engineers. 
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4.  UNAVOIDABLE  ADVERSE  EFFECTS 

The  unavoidable  adverse  effects  are  those  that  are  associated 
with  the  following: 

1.  The  actual  filling  of  the  pool  and  subsequent  inundation  of 
acres  of  existing  habitat. 

2.  The  changes  in  the  existing  aquatic  habitats  associated 
with  the  conversion  of  a  riverine  habitat  to  a  lacustrine  type 
habitat. 

3.  The  creation  of  increased  surface  area  of  water  in  the 
river  basin. 

4.  The  alteration  of  water  current  patterns  primarily  in  the 
■Iddle  and  lower  portion  of  the  pool. 

5.  The  deposition  of  sand  and  silt  frow  maintenance  dredging 
activities  in  areas  that  are  biologically  productive. 

6.  The  diversion  of  water  away  frow  the  Reno  bottoms  area 
Imedlately  downstream  from  the  earthen  dike  at  Genoa,  Wisconsin. 

Occasional  field  observations  indicate  that  Navigation  Pool 
No.  8  possesses  a  nutrient  cycle  similar  to  that  found  in  Pool 
No.  7  but  perhaps  not  to  the  same  degree.  Nitrogen  levels  fluctuate 
on  an  annual  basis. 

7.  The  presence  of  the  lock  structures  and  dam  across  the  entire 
river,  acts  as  a  barrier  for  the  upstream  and  downstream  movement  of 
organisms.  Hany  species  of  fish  undergo  a  migratory  phase  sometime 
during  their  life,  usually  prior  to  spawning  in  most  species.  The 
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Interruption  of  these  Migrations,  no  doubt,  has  had  an  effect  on 
several  species.  However,  data  are  not  available  at  this  time. 

Maintenance  dredging  activities  in  the  pool  have  had  an  adverse 
effect,  in  that  sediments  suspended  in  the  water  as  a  result  of 
spoil  placement  are  accumulating  in  many  of  the  most  environmentally 
valuable  parts  of  the  pool.  Whereas  maintenance  dredging  is  required 
for  project  maintenance^ alternatives  seem  to  be  available  to  the 
present  methods  employed. 
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5.  ALTERNATIVES 


The  phases  of  the  project  that  have  the  greatest  number  of 
alternatives  available  is  the  maintenance  dredging  operation. 

With  the  one  foot  maximum  drawdown  policy  adopted,  normal  day  to 
day  water  level  fluctuation  may  be  insignificant.  The  deposition  of 
dredge  spoil  on  the  other  hand,  has  had  a  drastic  impact  on  the 
biological  systems  operating  in  the  pool. 

Possible  options  are: 

1.  The  application  of  dredging  equipment  capable  of  depositing 
spoil  material  greater  distances  from  the  channel  (removal  from 
the  floodway). 

2.  The  stabilization  of  spoil  material  by  containment  structures, 
to  Increase  the  rate  of  recolonization  of  the  area  by  native  plants. 

3.  The  containment  of  material  to  prevent  its  rapid  return  to 
the  channel  during  periods  of  high  water. 

4.  The  encouragement  of  beneficial  and  practical  uses  of  spoil 
material  by  business  and  agencies,  both  public  and  private. 

5.  The  complete  removal  of  the  spoil  material  from  the  immediate 
river  basin. 

6.  The  Initiation  of  remedial  dredging  operations  to  enhance 
areas  that  have  been  adversely  affected  by  previous  maintenance 
dredging,  directly  or  Indirectly. 


6.  RELATIONSHIPS  BETWEEN  SHORT  TERM  USES  OF  MAN'S  ENVIRONMENT  AND 

LONG  TERM  PRODUCTIVITY 

The  increases  in  population  in  the  upper  Mississippi  River 
basin  created  a  greater  demand  for  the  commercial  use  of  the  river, 
and  subsequently  led  to  the  construction  and  maintenance  of  the  nine- 
foot  navigation  channel.  The  impact  of  increased  navigation  and 
commerce  on  the  river  has  in  turn,  resulted  in  a  greater  population 
density  in  the  same  area.  With  this  increase  in  population  came  an 
increase  in  land  use  for  agricultural  and  urban  development,  and 
subsequently  resulted  in  vast  increases  in  the  amount  of  sediment 
entering  the  Mississippi  River  through  tributary  streams.  The 
construction  of  the  nine-foot  navigation  channel  during  the  1930's 
resulted  in  the  removal  of  vast  areas  of  low  wetland  forest  and 
meadow,  and  in  turn  created  large  shallow  pool  areas,  for  fish  and 
wildlife  habitat.  The  increase  of  man's  activities  tended  to  fill 
these  areas.  If  this  rate  of  filling  in  the  pool  areas  remains 
constant,  the  creation  of  wildlife  and  fish  habit  during  the  early 
years  of  the  project  should  in  fact,  be  categori?r  a  short  term 
benefit.  That  is,  measured  in  years  of  the  projected  life  of  the 
nine-foot  channel,  these  areas  will  cease  to  be  usable  habitats  as 
we  know  them  now. 

The  creation  of  the  navigation  pools  also  resulted  in  an  increased 
hydraulic  efficiency  within  the  channel  areas  and  diverted  water  from 
backwater  areas.  This  accounted  for  the  increase  in  the  state  of 
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eutrophy  in  most  of  the  middle  and  lower  pool  areas,  in  that  it 
allowed  nutrients  to  accumulate  at  a  rate  probably  much  higher  than  was 
projected.  This  tendency  toward  a  eutrophic  state  in  these  areas  has, 
no  doubt,  been  reinforced  by  the  recycling  of  autochthonous  materials 
due  to  the  rapid  establishment  and  growth  of  populations  of  vegetation 
that  did  not  exist  prior  to  the  project. 
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Resource  Implications  for  Socioeconomic  Activities 

Table  7  summaries  the  major  resource  impl ications  of  continuing 
to  operate  and  maintain  the  nine-foot  channel  in  the  St.  Paul  District. 
Resource  implications  for  these  four  groups  are  discussed  in  sequence  below. 
Corps ‘Operations 

Table  7  identifies  the  major  first  order  direct  benefits  associated 
with  lock  and  dam  operation  and  dredging  operations.  These  include 
employment  in  lock  and  dam  and  dredging  operations,  maintenance  of 
relatively  stable  water  levels  in  each  poo),  and  the  presence  of  a 
navigable  nine-foot  channel  in  the  St.  Paul  District.  About  ISO 
people  are  Involved  with  lock  and  dam  operations  in  the  district  and 
about  75  with  dredging  operations;  thus  about  22b  people  derive  Jobs 
and  Income  directly  from  Corps'  operations.  The  annual  direct  cost 
to  taxpayers  for  lock  and  dam  operations  is  S?,60),000  {ft  1970) 
and  for  dredging  operations  is  S1,?00,000.  Specific  environmental 
costs  of  the  stable  water  levels  in  the  pools  and  the  nine-foot  channel 
In  the  St.  Paul  District  are  an  increase  in  sedimentation  behind  dams 
and  wing  dams  and  a  reduction  in  fish  and  waterfowl  habitat  due  to 
Improper  dredge  spoil  placement. 
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J  As  t sft  ;»5it  ?  ,  the  mior  direct  impacts  of  Corps' 

iap«er*?  ii»ns  tan  f  riiu:  ?r  l  * :  *<i»  i»s»  »cs  are  for  har^e  operations,  commercial 
i#okH  opter  a?  '  an  : ,  *M  'c.cmmicr  i<*t  flihing.  Table  ?  notes  that  there  are 
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Upper  Wi^^is^ijpf  afv«r.  t*ese  two  owestions  are  analyze d  below  in  some 
,  dwta>  >  t*  a«lk|iti«o  savings  i*»  transfer taMon  costs  due  to  barge  move¬ 
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targe  fr ■tn-s^rtatiffln  a««3  fngrgy  Vsagg.  effective  energy  utiliza¬ 
tion  fs  aartictjiarry  imperSani  due  to  the  present  (and  probably  continuing) 
energy  crisis,  tt  also  affecis  a*r  pollution  which  relates  directly  to 
transeerfatien  ener'iy  consumption. 

At  present  transportation  utilizes  about  2$  percent  of  the  total 
MS.  energy  Smrfgnt  'pr  motive  power  alone.  This  usage  has  been  increasing 
at  an  average  annual  rate  ef  about  A  percent  per  year. 


In  comparing  the  efficiency  of  energy  utilization  between  vari- 
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ou$  transportation  modes  the  term  "energy  intensiveness"  is  commonly  used. 
Energy  intensiveness  is  defined  as  the  amount  of  energy  (in  BTU's)  needed 
to  deliver  one  ton-mile  of  freight.  The  following  table  compares  the 
energy  intensiveness  of  various  modes  of  freight  transportation  (Mooz,  1973): 


Freiqht  Mode 

Energy  Intensiveness 
(BTU's/ton-mile) 

Ratios  i 

Waterways 

500 

1 

Rail 

750 

1.5 

Pipeline 

1,850 

3.7 

Truck 

2,400 

4.8 

Air  Cargo 

63,000 

126 

It  Is  apparent  from  this  table  that  motive  energy  is  utilized  more 
efficiently  in  water  transportation  than  through  any  other  mode  of  freight 
transportation.  Therefore,  under  conditions  of  restricted  petroleum  energy 
availability  the  use  of  barging  wherever  feasible  should  be  encouraged.  In¬ 
deed,  an  increased  use  of  the  Upper  Mississippi  and  its  tributaries  is  likely. 
Influencing  this  will  be  increased  shipments  of  grain  out  of  the  St.  Paul 
Oistrict  and  increased  imports  of  coal  and  petroleum  products  into  the  region. 
Exports  of  grain  to  other  countries  and  shipments  of  other  parts  of  the  U.S. 
are  expected  to  increase.  Energy  demands  in  the  Upper  Midwest  are  also  ex¬ 
pected  to  rise.  In  addition  freight  which  is  now  only  marginally  involved 
in  barging  may  shift  from  other  forms  of  transportation  to  the  less  energy- 
intensive  forms.  This  shift  may  also  be  expected  to  change  existing  concepts 
of  the  kinds  of  freight  suitable  for  barging  with  consequent  impact  on  storage 
facilities.  In  many  cases  economic  trade-offs  may  exist  between  the  mode  of 
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transportation  and  the  size  of  inventories  considered  to  be  suitable.  If 
the  energy  costs  rise  sufficiently,  increased  capital  necessitated  by  use 
of  the  slower-moving  barge  transportation  and  tied  up  in  inventory  and  in 
storage  space  may  be  justified.  If  this  occurs,  other  kinds  of  cargoes 
presently  shipped  by  rail  or  truck  or  pipeline  may  be  diverted  to  barge. 

In  addition  to  energy  conservation,  the  importance  of  the  Upper 
Mississippi  as  a  transportation  artery  is  shown  by  the  burden  which  would 
be  placed  on  the  rail  system  (as  the  major  alternative  transportation  mode 
used  to  move  heavy,  high-buld  commodities)  in  the  absence  of  barge  traffic 
on  the  river.  In  1972  an  estimated  16,361,174  tons  of  various  commodities 
were  received  and  shipped  from  the  St.  Paul  District.  Under  the  simplify¬ 
ing  assumption  that  the  average  box  or  hopper  car  carries  50  tons,  this 
amounts  to  the  equivalent  of  327,223  railroad  cars  or  some  3,272  trains 
of  100  cars  each  or  approximately  nine  trains  each  day  of  the  year. 

Barge  Transportation  and  Air  Pollution.  Barge  transportation  also 
results  in  less  air  pollution  per  ton-mile  than  either  rail  or  truck  modes. 
Diesel  engines  are  the  most  common  power  plants  used  by  both  tugboats  and 
railroads.  A  large  percentage  of  over-the-highway  trucks  use  diesel  engines 
as  well.  The  diesel  engine  is  slightly  more  efficient  than  the  gasoline 
engine  due  to  its  higher  compression  ratio.  Thus,  less  energy  is  used  to 
move  one  ton  of  freight  over  one  mile  by  diesel  than  by  gasoline  engines. 
Among  users  of  diesel  engines,  barging  is  more  efficient  than  either  rail  or 
truck,  as  we  have  seen.  Consequently  a  smaller  amount  of  fuel  is  required 
to  move  freight.  With  less  used,  air  pollution  is  reduced. 
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The  amount  of  air  pollution  caused  by  either  diesel  fuel  or  gaso¬ 
line  varies  substantially  only  in  the  type  of  air  pollution.  The  following 
table  illustrates  these  pollution  effects  (U.S.P.H.S.,  1968): 


Emission  Factor 


Type  of  Emission 

Pounds/1 ,000 
gallons  diesel  fuel 

Pounds/l ,000 
qallons  gasoline 

Aldehydes  (HCHO) 

10 

4 

Carbon  monoxide 

60 

2300 

Hydorcarbons(O) 

136 

200 

Oxides  of  Nitrogen  (NO2 ) 

222 

113 

Oxides  of  Sulfur  (SO2) 

40 

9 

Organic  Acids  (acetic) 

31 

4 

Particulates 

no 

12 

Based  upon  the  energy  intensiveness  ratios  shown  earlier,  a  diesel 
train  will  produce  1.5  times  as  much  air  pollution  and  a  diesel  truck  4.8 
times  as  much  air  pollution  per-ton-mile  as  a  tug  and  barges.  In  any  event, 
no  matter  which  kind  of  pollutant  is  of  concern  in  a  particular  case,  the 
efficiency  of  barging  compared  with  other  modes  of  freight  transportation 
will  result  in  reduced  air  emissions  per  ton-mile. 

Barge  Transportation  and  Cost  Savings.  A  further  benefit  which  can 
be  attributed  to  the  maintenance  of  navigation  on  the  Upper  Mississippi  is 
in  the  savings  in  transportation  costs,  particularly  for  bulk  commodities. 
Estimates  of  these  savings  have  been  made.  One  of  these  estimates  the 
savings  over  the  other  various  least  cost  alternatives  of  between  4.0  and 
5.4  mills  per  ton-mile  (UMRCBS,  1970).  It  is  generally  recognized  that  bulk 
commodities,  particularly  those  having  low  value-to-weight  ratios,  are  appro¬ 
priate  for  barge  transport.  Coal,  petroleum,  and  grain  that  have  these 


characteristics  are  examples  of  such  commodities  that  originate,  termi¬ 
nate,  or  move  through  the  St.  Paul  District  pools  on  river  barges. 

Recreational  Activities 

Table  7  identifies  the  variety  of  recreational  activities  — 
from  boating  and  sport  fishing  to  sightseeing  and  camping  --  that  may  be 
helped  or  hindered  by  Corps'  operations.  Ideally  it  would  be  desirable 
to  place  dollar  values  on  each  of  the  benefits  and  costs  to  the  recrea¬ 
tional  activities  cited  in  Table  7  to  weigh  against  the  benefits  of 
barge  transportation  made  possible  by  maintaining  the  nine-foot  channel. 
Unfortunately  both  conceptual  problems  and  lack  of  precise  data  preclude 
such  an  analysis.  The  nature  of  these  limitations  can  be  understood  by 
(1)  looking  initially  at  a  theoretical  approach  for  measuring  the  benefits 
and  costs  of  recreational  activities  and  (2)  applying  some  of  these  ideas 
to  the  measurement  of  only  one  aspect  of  all  recreational  activities  -- 
sport  fishing. 

Benefits  and  Costs  of  Recreational  Activities.  Theoretical  frame¬ 
works  exist  to  perform  a  benefit-cost  analysis  of  a  recreation  or  tourism 
activity.  One  example  is  a  study  prepared  for  the  U.  S.  Economic  Develop¬ 
ment  Administration  (Arthur  D.  Little,  Inc.,  1967).  Unfortunately  even 
this  example  closes  with  a  "hypothetical  benefit-cost  analysis  of  an  imagi¬ 
nary  recreation/ tourism  project"  that  completely  neglects  the  difficulty  of 
collecting  the  appropriate  data. 
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Valuing  Sport  Fishing  in  the  Study  Area.  A  variety  of  studies  have 
been  done  on  recreation  and  tourism  in  Minnesota  and  the  Upper  Midwest  dur 
ing  the  past  decade  (North  Star  Research  Institute,  1966;  Midwest  Research 
Institute,  1968;  Pennington,  et  al_. ,  1969).  For  purposes  of  analyzing 
sport  fishing  and  other  recreational  activities  on  the  Upper  Mississippi 
River,  however,  they  have  a  serious  disadvantage;  these  studies  are  gener¬ 
ally  limited  to  recreationers  who  have  at  least  one  overnight  stay  away 
from  home.  In  the  case  of  the  St.  Paul  District,  with  the  exception  of 


campers  and  boaters  on  large  pleasure  craft  with  bunks  virtually  all  river 
users  are  not  away  from  home  overnight  and  are  omitted  form  such  studies. 

Information  is  then  generally  restricted  to  that  available  in 
the  UMRCC  sport  fishing  studies  such  as  those  shown  below  for  1967-68 
(Wright,  1970): 


Pool  Number 


Total  Number  of 
Fishing  Trips 


Value  at  $5.00 
Per  Trips 


Value  at  $1.50 
Per  Tripb 


4  169,361  $846,805  $254,042 

5  51,786  258,930  77,699 

7  63,238  316,190  94,857 

aBased  on  data  reported  in  the  "1965  National  Survey  of  Fishing  and 
Hunting"  that  the  average  daily  expenditure  for  freshwater  sport 
fishing  was  $4.98  per  day. 

bBased  on  data  in  Supplement  No.  1  (1964)  to  Senate  Document  97  that 
provides  a  range  of  unit  values  of  $0.50  to  $1.50  a  recreation  day 
for  evaluating  freshwater  fishing  aspects  of  water  resource  projects. 


Thus  the  sum  of  the  values  of  sport  fishing  given  above  for  these  three 
pools  varies  from  about  $0.4  million  to  $1.4  million  depending  upon  the 
valuation  of  a  fishing  trip.  Assuming  one  of  these  values  were  usable,  the 
researcher  is  still  left  with  the  task  of  determining  the  portion  (either 
as  a  benefit  or  cost)  of  Corps'  operations.  With  the  limited  funds 
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available  for  the  present  research  and  the  limited  existing  data,  detailed 
analysis  is  beyond  the  scope  of  the  present  study. 

Similar  problems  are  present  in  evaluating  the  other  recreational 
activities  in  the  study  area. 

Cultural  Sites 

No  attempt  has  been  made  in  the  present  study  to  place  dollar  values 
on  archaeological,  historical,  or  cultural  sites  damaged  or  enhanced  by 
Corps'  operations.  Rather,  such  sites  have  merely  been  identified,  where 
existing  data  permit. 
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7.  IRREVERSIBLE  COMMITMENTS 

A  simple  inventory  of  commitments  and  their  implications  in 
Navigation  Pool  No.  8  can  probably  best  describe  the  situation. 

1.  Loss  of  natural  resources 

A.  Loss  of  wetlands  due  to  inundation  of  the  floodplains 
in  the  pool  areas. 

2.  The  commitment  of  labor,  materials  and  energy  for  the 
construction  of  the  lock  and  dam  and  related  facilities. 

3.  The  commitment  of  dollars  for  the  purchase  of  the  land 
now  inundated  in  Navigation  Pool  No.  8. 

4.  The  loss  of  wildlife  and  fish  habitats  at  the  following 
points  in  Pool  No.  8  due  to  the  deposition  of  unstabilized  dredge 
spoils:  (Table  A20). 


A. 

Mile  687-689  (Lower  Crosby  Slough) 

51000  cu.  yds/yr 

B. 

Mile  689-691  (Brownsville  &  Crosby) 

39000  cu.  yds/yr 

Slough 

C. 

Mile  691-693  (Mormon  Slough) 

13820  cu.  yds/yr 

D. 

Mile  693-695  (Coney  Island) 

12977  cu.  yds/yr 

E. 

Mile  699-710  (Minnesota  Island) 

42000  cu.  yds/yr 

5.  The  energy  and  dollars  required  to  carry  out  the  above  mentioned 
maintenance  dredging  as  well  as  the  remainder  of  the  dredging  at  other 
sites  in  the  pool. 
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8.  RECOMMENDATIONS 

The  significant  changes  that  have  occurred  in  Navigation  Pool 
No.  8  are  those  that  are  associated  with  the  transformation  of  a 
river  habitat  to  one  that  approximates  a  lake.  The  recommendations 
cited  in  this  document  are  associated  with  those  phases  of  the  project 
that  have  available  options. 

The  general  recommendations  refer  to  operational  policies  of  the 
Corps  of  Engineers,  whereas  the  specific  recommendations  are  related 
to  identified  problem  areas  within  Navigation  Pool  No.  8. 

General  Recommendations 

1.  That  a  review  of  all  dredge  spoil  sites  be  made  to  determine 
whether  the  sites  can  adequately  handle  the  amount  of  dredge  spoil 
proposed  for  the  future. 

2.  That  the  Corps  of  Engineers  investigate  and  develop  a  market 
for  dredge  spoil  materials,  so  that  they  can  be  used  for  beneficial 
purposes  outside  of  the  river  basin. 

3.  That  equipment  (shorepipe,  floating  pipe,  and  booster  pumps) 
be  purchased  to  move  the  dredge  spoil  farther  from  the  floodplain. 

4.  That  a  demonstration  project  be  initiated  to  determine  whether 
the  channel  can  be  maintained  at  a  lesser  depth,  to  minimize  the 
amount  of  "over-dredging"  in  areas  where  materials  are  dredged  every 
year.  That  the  Corps  of  Engineers  seek  authorization  to  construct 
containment  structures  to  restrict  movement  of  the  spoil  material 
back  into  the  channel  in  certain  areas. 


5.  That  the  Corps  of  Engineers  Initiate  revegetation  procedures 
to  aid  in  the  stabilization  of  the  spoil  material. 

6.  That  in  no  places  should  dredge  spoil  be  placed  in  a  linear 
fashion  along  the  perimeter  of  the  channel  and  result  in  effective 
channelization. 

7.  That  the  Corps  of  Engineers  initiate  a  study  to  determine  the 
feasibility  of  controlling  water  levels  in  the  pool,  for  the  manage¬ 
ment  of  rooted  vegetation  species  as  well  as  fish  and  wildlife.  The 
establishment  and  maintenance  of  root  vegetation  species  is  closely 
related  to  water  depth.  Discouragement  and  encouragement  of  growth 
of  these  organisms  could  probably  be  managed  by  controlling  water 
levels. 

The  examination  of  dredge  sites  In  Navigation  Pool  No.  8  indicate 
that  there  are  areas  that  are  particularly  sensitive  to  sedimentation 
and  are  In  danger  of  being  lost  as  a  valuable  recreational  resource. 
They  are: 

1.  Coney  Island 

2.  Mormon  Slough 

3.  Crosby  Slough 

Me  recommend  the  following  with  regard  to  these  areas: 

1.  That  dredge  spoil  In  the  area  of  Coney  Island  be  removed  from 
the  floodplain  or  contained.  Coney  Island  is  unstable  at  the  present 
time.  The  previously  dredged  material  has  eroded  into  the  channel  on 
the  Minnesota  side  of  the  site.  Deposition  of  more  spoil  material  on 
the  island  will  result  in  the  complete  filling  of  that  slough  behind 
the  island. 


1?) 


2.  That  no  dreog*  spoil  bo  placed  at  or  near  Warman  Slough  such 
that  it  will  enter  the  slough  or  the  channel  immediately  behind  the 
Spoil  site.  Mbraon  Slough  represents  the  only  major  mi ter  Supply 
channel  for  t he  middle  ana  lower  Goose  is  Una  area. 

3.  That  dredge  spoil  material  in  the  area  of  Crosby  Slough  t** 
removed  fr©r»  the  floodplain  or  reve^tated.  onsubiliyed  srflHwwu 
in  this  area  tend  to  be  displaced  downstream  into  the  upper  one  of 
the  open  pool  area,  causing  this  arms  to  become  shallower  and 
consequently  less  valuable  as  a  fish  and  wildlife  habitat.  The  loss 
of  most  of  the  benthic  macro  invertebrates  in  this  area  during  the 
summer  of  1973  demonstrated  this. 

The  concept  of  concentrating  spoil  into  pre*def  *n«*d  areas,  and 
the  subsequent  development  of  these  areas  for  rvcteilioiui  use  may 
be  feasible,  provided  that  the  following  criteria  are  met 

1.  That  the  site(s)  be  located  where  the  material,  if  emd*»d« 
will  not  encroach  on  water  supply  channels  to  backwater  areas. 

2.  That  the  site(s)  n&t  destroy  any  eritling  prime  habitats. 

3.  That  after  establishment  of  these  sites,  pepper  management 
procedures  be  practiced  to  insure  their  stability  and  longevity. 

The  accumulation  of  sediment  has  resulted  in  the  loss  of  species 
diversity.  The  replacement  of  productive  sediments  with  unstable 
unproductive  sediments  and  the  increase  of  the  rate  of  eutropHcation 
In  the  backwater  areas.  In  addition  to  this,  dredging  in  the  channel 
and  the  subsequent  deposition  of  the  scoil  material  along  the  banks 
of  the  channel  results  in  the  increase  in  hydraulic  efficiency  but  also 
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APPEUPIX  A  TABLES 


4 


128 


Table  AT . 


Average  tree  composition  of  southern  Wisconsin  upland 
xeric  forest,  importance  value,  and  percent  constancy 
(from  Curtis,  1971 ). 


SPECIES 


Quercus  alba 
Q.  borealis 
Q.  velutina 


Tilia  americana 


Prunus  serotina 


Quercus  macrocarpa 
Acer  saccharum 


Ulmus  rubra 


Carya  ovata 


Fraxinus  americana 


Quercus  ellipsoidalis 
Populus  grandidentata 
Os  try  a^  virginiana 
Ulmus  americana 


Acer  rubrum 


Carya  cordiformis 


Juglans  nigra 
J.  cinerea 


Quercus  muhlenbergii 
Acer  negundo 
Populus  tremuloides 
Betula  papyri fera 
Fraxinus  pennsyi vanica 
Faqus  grandifol ia 
Ulmus  thomasi 


Celtis  occidental  is 


Quercus  bicolor 
Fraxinus  nigra 


Av.  I.  V. 


80.3 
21.7 

98.3 

0.8 

23.2 

25.6 
0.2 
3.8 
8.2 
1.2 

10.6 
1.3 
0.6 
3.7 
1.5 
2.1 
2. 
0. 
2. 

1 

18. 
0. 
0. 


.7 

.2 

.6 

.8 


.4 

.6 


0.2 


Constancy 


54 

92 

10 

86 

64 

2 

20 

53 

10 

10 

18 

10 

24 

14 

16 

34 

6 

2 

10 

16 

8 

2 


Betula  lutea 
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Table  A2.  Prevalent  upland  groundlayer  species,  southern  Wisconsin, 
percent  presence,  and  average  frequency  (Curtis,  1971). 


SPECIES 

Pres. 

Av.  Freq. 

Adiantum  pedantum 

81% 

6.9% 

Aqrimonia  qryoosepala 

43 

1.0 

Amphicarpa  bracteata 

94 

21.6 

Anemone  quinquefolia 

65 

6.2 

A.  virqiniana 

41 

0.8 

Apocynum  androsaemi folium 

52 

2.6 

Aralia  nudicaulis 

76 

11.9 

A.  racemosa 

61 

1.2 

Ariseama  triphyllum 

81 

17.2 

Aster  saqqitfolius 

54 

3.9 

A.  shortii 

61 

4.7 

Ath.yrium  fil ix-femina 

74 

7.6 

Botrychium  virqinianum 

83 

6.3 

Brachyelytrum  erectum 

67 

7.2 

Carex  pens vl van ica 

78 

14.4 

Caulophyllum  thal ictroides 

65 

3.3 

Celastrus  scandens 

67 

7.8 

Cornus  alternifolia 

48 

1.6 

C.  racemosa 

70 

11.5 

C.  ruqosa 

43 

2.2 

Corylus  americana 

82 

10.7 

Cryptoteania  canadensis 

59 

5.4 

Desmodium  qlutinosum 

93 

7.9 

Dioscorea  villosa 

57 

2.7 

Fraqaria  virqiniana 

57 

4.1 

Galium  aparine 

50 

10.1 

G.  concinnum 

93 

26.0 

G.  triflorum 

50 

4.3 

Geranium  maculatum 

100 

35.8 

Geum  canadense 

50 

6.4 

Helianthus  strumosus 

63 

6.7 

Hydrophyllum  virqinanum 

44 

5.5 

Hystrix  patula 

67 

2.6 

Lactuca  spicata 

52 

2.0 

Lonicera  prolifera 

57 

3.6 

Osmorhiza  claytoniana 

46 

3.9 

Parietaria  pensylvanica 

43 

4.6 
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Table  A3.  Average  tree  composition,  southern  Wisconsin  wet  lowland 

forest,  importance  value,  and  percent  constancy  (Curtis,  1971) 


SPECIES 

A v.  I.  V. 

Constancy 

Acer  saccharinium 

81.6 

81.5% 

Ulmus  americana 

26.5 

66.7 

Salix  niqra 

64.0 

70.3 

Populus  deltoides 

54.5 

70.4 

Fraxinus  pennsyl vanica 

8.2 

51.9 

Betula  niqra 

24.4 

51.8 

Quercus  bicolor 

15.2 

29.6 

Tilia  americana 

1.6 

11.1 

Fraxinus  niqra 

2.9 

18.5 

Quercus  borealis 

0.3 

3.7 

Fraxinus  americana 

0.8 

11.1 

Quercus  macrocarpa 

5.8 

3.7 

Ulmus  rubra 

0.8 

3.7 

Carya  ovata 

0.2 

3.7 

Quercus  alba 

0.2 

3.7 

Q.  valutina 

3.6 

3.7 

Acer  nequndo 

3.0 

22.2 

Carya  cordiformis 

0.4 

7.4 

Prunus  serotina 

0.7 

3.7 

Populus  tremuloides 

0.2 

3.7 

Salix  amyqdaloides 

0.2 

3.7 
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Table  A4.  Prevalent  lowland  groundlayer  species,  southern  Wisconsin, 
percent,  presence,  and  average  frequency  (Curtis,  1971). 


SPECIES 

Pres. 

Av.  Freq. 

Amphicarpa  bracteata 

34% 

10.1% 

Arenaria  lateriflora 

34 

9.0 

Arisaema  triphvllum 

66 

17.2 

A.  dracontium 

44 

2.5 

Aster  lateriflorus 

41 

12.5 

Athyrium  filix-femena 

39 

3.8 

Boehmeria  cylindrica 

47 

7.6 

Circaea  quadri sulcata 

34 

8.8 

Cryptotaenia  canadensis 

45 

12.9 

Cuscuta  qronovii 

31 

3.3 

Dioscorea  villosa 

31 

3.3 

Elymus  virqinicus 

39 

9.1 

Galium  triflorum 

44 

6.4 

Geum  canadense 

61 

11.5 

Gl.yceria  striata 

41 

6.7 

Impatiens  bi flora 

67 

21.4 

Laportea  canadensis 

77 

39.7 

Leersia  virqinica 

36 

11.8 

Lycopus  uniflorus 

36 

5.7 

Menispermum  canadense 

34 

4.8 

Onoclea  sensibilis 

56 

6.9 

Osmorhiza  cl  ay ton i 

33 

6.6 

Parthenocissus  vitacea 

80 

23.0 

Polyqonatum  pubescens 

33 

6.2 

Ranunculus  abortivus 

47 

5.0 

Rhus  radicans 

59 

6.7 

Ribes  americanum 

48 

6.8 

Sambucus  canadensis 

42 

3.2 

Sanicula  qreqaria 

36 

13.1 

Smilacina  stellata 

34 

5.5 

Smilax  ecirrhata 

41 

4.7 

S.  herbacea 

41 

2.0 

Solanum  dulcamara 

39 

4.2 

Solidaqo  qiqantea 

34 

6.3 

Steironema  ciliatum 

57 

10.2 

Viola  cucullata 

63 

16.3 

V.  pubescens 

36 

11.2 

Vitis  riparia 

58 

3.4 

Zanthoxylum  americanum 

36 

3.9 
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Table  A5.  Prevalent  species  of  emergent  aquatic  communities, 
southern  Wisconsin,  (Curtis,  1971). 


SPECIES 

Pres 

Eleocharis  acicularis 

38% 

Iris  shrevei 

29 

Phraqmites  communis 

38 

Pontideria  cordata 

51 

Saqittaria  Tati  folia 

62 

Scirpus  acutus 

73 

S.  americanus 

42 

S.  valisus 

49 

Sparqanium  eurycarpum 

51 

Typha  lati folia 

71 

Zi2ania  aquatica 

53 

A6.  Prevalent  species  of  submerged  aquatic 
Wisconsin,  (Curtis,  1971). 

communities,  southern 

SPECIES" 

Pres 

Anarchis  canadensis 

42% 

Ceratophyllum  demersun 

32 

Eleocharis  acicularis 

26 

Na.ias  flexilis 

68 

Potamoqeton  qramineus 

35 

P.  zosteriformis 

28 

Vallisneria  americana 

39 

Other  species  with  presence  over 

10% 

Bidens  beckii 

11% 

Myriophyllum  exalbescens 

10 

Potamoqeton  amplifolius 

19 

P.  foliosum 

11 

P.  friesii 

16 

P.  illinoiensis 

25 

P.  natans 

11 

P.  pectinatus 

26 

Saqittaria  qraminea 

10 
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Table  A7.  A  checklist  of  algae  collected  from  Navigation  Pool  No.  8, 
upper  Mississippi  River,  1970-1971. 

CHL0R0PHYTA 


Class  Chlorophyceae 

Order  Vol vocal es 

Family  Volvacaceae 

Eudorina  el egans  Ehrenberg 
Gonium  pectoral e  Mueller 
Pandorina  morum  (Muell.)  Bory 
Platydorina  caudatum  Kofoid 
Vol vox  aureus  Ehrenberg 

Order  Tetrasporales 

Family  Coccomyxaceae 

Elakatothrix  gelatinosa  Wi 11 e 
Family  Palmellaceae 

Sphaerocystis  schroeteri  Chodat 

Order  Ulotrichales 

Family  Ulotrichaceae 

Ulothrix  cylindricum  Prescott 
Ulothrix  zonata  (Weber  &  Mohr)  Kuetzing 
Family  Chaetophoraceae 
Draparnaldia  sp. 

Order  Cladophorales 

Family  Cladophoraceae 

Cladophora  fracta  (Dillw.)  Wille 

Order  Chlorococcales 

Family  Chloroccaceae 

Acanthosphaera  zachariasi  Lemmermann 
Golenkinia  radiata  (Chod.)  Wille 
Family  Characiaceae 

Characium  ambiguum  Hermann 
Family  Hydrodictyaceae 

Hydrodictyon  reticulatum  (L.)  Lagerheim 
Pediastrum  boryanum  (Turp.)  Meneghini 
Pediastrum  boryanum  var.  undulatum  Wille 
Pediastrum  duplex  Meyen 
Pediastrum  simplex  (Meyen)  Lemmermann 
Family  Coelastraceae 

Coelastrum  microporum  Maegel i 
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Table 


A7  continued 


Family  Oocystaceae 

Ankistrodesmus  falcatus  (Corda)  Ralfs 
Cerasterias  stuarastroides  West  &  West 
Chlorella  sp. 

Chlorel la  vulgaris  Beyer i nek 
Dictyosphaerium  pulchellum  Wood 
Echinosphaerel la  1 imnetica  G.  M.  Smith 
Polyedriopsis  spinulosa  Schmidle 
Quadriqula  chodatii  (Tan.-Ful.)  G.  M.  Smith 
Seleastrum  gracile  Reinsch 
Treubaria  setiherum  (Archer)  G.  M.  Smith 
Family  Scenedesmaceae 

Actinastrum  hantzschii  Lagerheim 
Actinastrum  hantzschi i  var.  fluviatile  Schroeder 
Crucigenia  tetrapedia  (Kirch.)  West  &  West 
Errerella  boririhemiensis  Conrad 
Micractinium  pusillum  var.  eleqans  G.  M.  Smith 
Scenedesmus  quadricauda  (Turp.)  de  Brebisson 
Scenedesmus  quadricauda  var.  maximus  West  &  West 
Scenedesmus  quadricauda  var.  Westii  G.  M.  Smith 

Order  Zygnematales 

Family  Zygnemataceae 
Mougeotia  sp. 

Spirogyra  sp. 

Family  Desmidiaceae 
Closterium  sp. 

Staurastrum  sp. 


EUGLENOPHYTA 

Order  Euglenales 

Family  Euglenaceae 
Euglena  sp. 
Phacus  sp. 


PYRRHOPHYTA 

Class  Oinophyceae 

Order  Dinokontea 

Family  Ceratiaceae 

Ceratium  hirundinella  (0.  F.  Muell.)  Oujardin 


Table  A7  continued 
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Order  Oinoccales 

Family  Oinococcaceae 

Cystodinium  cormifax  (Schill.)  Klebs 


CHRYSOPHYTA 

Class  Chrysophyceae 

Order  Chrysomonadales 

Family  flail omonadaceae 

Chrysospbaerella  longisplna  Lauterb. 
Ha nomonas  alpina  Pascher  &  Ruttner 
Family  Synuraceae 

Synura  uvella  Ehrenberg 
Fami ly  Ochromaonadaceae 
Dlnobryon  sp. 

Class  Bacillariophyceae 
Order  Centrales 

Family  Cose i nod iscaceae 
Cocci nodiscus  sp. 

Cyclotella  sp. 

Stephanodiscus  sp. 

Fami ly  Rbizoscleniaceae 
Rhlzosolenia  sp. 

Order  Pennales 

Family  Tabellariaceae 
Tabellaria  sp. 

Fami ly  Fragilari aceae 
Asterionella  sp. 

Fraqilaria  sp. 

Fami ly  Naviculaceae 
Navlcula  sp. 


CYANOPHYTA 

Class  Myxophyceae 

Order  Chroococcales 

Family  Chroococcaceae 
Aphanocapsa  spp. 

Chroococcus  sp. 

Coel ospha'er  1  urn  spp. 

Sloeocapsa  spp. 

Gomphosphaerla  spp. 

HarssonielTa  elegans  Lemm. 

Her ismoped i a  glauca  (Ehrenb.)  Naegell 
Microcystis  spp. 
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Table  A7  continued 


Order  Hormogonales 

Family  Oscil latoriaceae 
Oscillatoria  spp. 
Spirul|na*Ta«a  G.  H.  Smith 
Family  hostocaceae 
Anabacna  spp. 

ApharTi jorenon  flos-aguac  (t. 
Nou'oc  spo. 

Family  IHvulariaceae 

Rivularia  hematites  (0.  C.) 


)  Ratfs 
C.  A.  Agardh 


Table  AS.  Checklist  ot  kmmH  and  waterfewl  inMbuid)  toe  upper 
Mississippi  River,  teavioation  tool  %».  a,  1970. 


itooif 

Mhttetatl  Deer 
Antelope 
Black  Bear 
Snowshoe  Hare 
Whittle i I  JaUrabbU 

Satamp  Rabbit 
C.  Cottontail  Rabbit 
C.  fw  kjwlnrtl 

I.  Gray  Squirrel 

Rod  foa 

Gray  foa 

Racoon 

Opossum 

Kin* 

Rlvor  Otter 
least  Meat* I 
Shortfall  M?a*,*l 
Lonotail  Weasel 
Striped  Skunk 
Spotted  Skunk 
Beaver 
Oiilnt 
Rutted  Goose 
Sharp- tailed  Grow?# 
Bobwhite  Quail 
Hungarian  hr(ri«f^s 
Rin^- netted  tNpusant 
Mild  Turkey 
Hbwrnlnq  Oovet 


Altai  il<n 
OdOtOiltm  virginianul 
*hJUj  vc  »j  t  9  alley Jtytte 
*nict  ifar>wt 
*S  afttrt  1 1  *tivl 
ti  i.owh vc-tii i 
ivjla^yi  *C|w*Ufy> 
IvjljMjrvl  sT»r  ijdatiws 
rlScr 

S<yly>v  t  vraTjfuvn.  l|  S 

SW  ?.*!»> 

c  lt.crv»toyrntri*cw^ 
frry^jro»n  le-lctr 

pl^v I  j-if, I  *  triV't  ybl « 1  i  X 
''Oj*'  *  ’* i  -  cn 

^|»tr*  t^r.x'SfVtxU 

rUe.iV 

jtfl»  rr^nr* 

eve.Vt  9 
Rqaitlt  rrj<MfH 
SpjTTojVc  jiVt'wr  i  <4% 

CpSlpr  t 

(Mdtr»  ?U>M* 'H  * 

t  $  1  1  4 1 

^{Ipftetet  i  *r»vJJ  v| 

to  I  i  rtyn  jrir^ini^n^x 

lyrjW  f^r'ifir 

%l#ta»  *  i  3»11qV»»P 
ifOUiri  tutrwti 


!» 


Sock  3o« 
ktoo<jr:w;k 
Coatwion  *Mi<e 

»  itu%  ».»?  r 

W*  ».»rf 

£  'iou'5* 

Vmdw  iwra;«e 
|tl4W  V3'3'5* 

l%l  t*y<4 

|l*ck  Ouek 

II  «*  'wMitw!  **<»! 
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Table  A12.  Biomass  of  benthic  organisms  and  rooted  vegetation 

Transect  B,  Stations  1-52,  Navigation  Pool  No.  8,  1973 


STATION 

TOTAL  BIOMASS 
BENTHOS 
(g/m2) 

TOTAL  BIOMASS 
ROOTED  VEGETATION 
(g/m2) 

GRAND  TOTAL 
(g/m2) 

1 

1.771 

NONE 

1.771 

2 

0.000 

NONE 

0.000 

3 

1.307 

NOME 

1.307 

4 

4.213 

NONE 

4.213 

5 

1.468 

NONE 

1.468 

6 

0.121 

NONE 

0.121 

7 

0.222 

NONE 

0.222 

8 

0.913 

NONE 

0.913 

9 

21.530 

NONE 

21.530 

10 

9.763 

NONE 

9.763 

11 

0.923 

NONE 

0.923 

12 

6.083 

NONE 

6.083 

13 

6.500 

1012.938 

1019.438 

14 

0.060 

NONE 

0.060 

15 

14.883 

NONE 

14.883 

16 

31.208 

418.406 

449.614 

17 

37.676 

44.166 

81.842 

18 

67.668 

570.265 

637.933 

19 

19.312 

510.265 

529.686 

20 

2.360 

NONE 

2.360 

21 

4.764 

NONE 

4.764 

22 

52.254 

199.134 

251.388 

23 

49.010 

NONE 

49.010 

24 

34.403 

NONE 

34.403 

25 

20.075 

802.703 

822.778 

2$ 

8.526 

NONE 

8.526 

27 

2.486 

NONE 

2.486 
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(Table  A12  continued...) 

STATION  TOTAL  BIOMASS  TOTAL  BIOMASS  GRAND  TOTAL 

BENTHOS  ROOTED  VEGETATION  (g/m2) 

(g/m2 )  (g/m2) 


28 

23.678 

NONE 

23.678 

29 

18.622 

104.843 

123.465 

30 

30.118 

156.375 

186.493 

31 

23.990 

NONE 

23.990 

32 

30.030 

NONE 

30.030 

33 

5.776 

NONE 

5.776 

34 

5.946 

NONE 

5.946 

35 

8.134 

NONE 

8.134 

36 

67.304 

NONE 

67.304 

37 

8.131 

NONE 

8.131 

38 

26.831 

NONE 

26.831 

39 

10.694 

NONE 

10.694 

40 

2.668 

NONE 

2.668 

41 

9.567 

NONE 

9.567 

42 

3.639 

3007.017 

3010.656 

43 

36.709 

1318.695 

1355.404 

44 

17.754 

1603.076 

1620.830 

45 

13.037 

101.143 

114.180 

46 

11.858 

NONE 

11.858 

47 

20.894 

NONE 

20.894 

48 

40.998 

NONE 

40.998 

49 

49.799 

NONE 

49.799 

50 

11.370 

76.200 

87.570 

51 

65.123 

98.266 

163.389 

52 

74.142 

35.496 

109.638 
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TABLE  A13 

Frequency  of  Trees  in  Alluvial  forest  encountered  along  Transect  8* 
Alluvial  forest-Trees 


Ulmus  americana  L.  .87 

Acer  saccharinum  Marsh.  .80 

Quercus  bicolor  Willd.  .73 

Betula  nigra  L .  .60 

Fraxinus  pennsylvani ca  Marsh.  .60 

Salix  interior  Rowlee  .27 

Salix  rigida  Muhl .  .27 

Carya  cordiformis  (Wang.)  K.  Koch  .13 

Gleditsia  triacanthos  L.  .13 

Populus  deltoides  Marsh.  .13 

Tilia  americana  L.  .13 

Ulmus  rubra  L.  .13 

Zanthoxylem  americanum  Mill.  .13 

Betula  pumila  L.  var  glandulifera  Regel  .07 

Quercus  bicolor  Willd.  x  Q.  macrocarpa  Michx.  .07 

Quercus  bicolor  Willd.  with  £.  macrocarpa  Michx.  i retrogressions 

.07 

Quercus  rubra  L .  .07 

Salix  amyqdaloides  Anderss.  .07 

Salix  lucida  Muhl.  .07 

Salix  pyri folia  Anderss.  .17 


*  The  figures  represent  the  frequency  with  which  a  given  species 
was  found  on  islands  or  land  masses  classified  as  alluvial 
forest.  Only  one  specimen  need  have  been  collected  or  noted 
for  that  species  to  be  counted.  This  table  can  not  be  used 
to  indicate  relative  abundance  at  a  given  site. 


TABLE  A14 


Frequency  of  shrubs  found  in  alluvial  forest  encountered  along  Transect  8 


Alluvial  forest-shrubs 


Cornus  obliqua  Raf. 

.47 

Cephalthus  occidental  is  L. 

.40 

Cornus  racemosa  Lam. 

.13 

Sambucus  canadenis  L. 

.07 

Spiraea  alba  Ou  Roi 

.07 

Viburnam  lentago  L. 

.07 
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TABLE  A15 

Frequency  of  vines  in  alluvial  forests  encountered  along  Transect  8. 
Alluvial  forest-Vines 

Menispermum  canadense  L.  .27 

Smilax  herbacea  L.  .20 

Vitis  riparia  Michx.  .20 

Smilax  hispida  Huhl .  .13 

Parthenocissus  quinquefolia  (L.)  Planch.  .13 

Cuscuta  sp.  .07 

Parthenocissus  inserta  (Kerner)  k.  Fritsch.  .07 
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TABLE  A16 

Frequency  of  herbs  in  alluvial  forests  encountered  along  Transect  8. 


Phalaris  arundinacea  L.  .87 
Onoclea  sensibilis  L.  .47 
Toxirodendron  rydbergi i  .47 
Arisaema  dracontium  (L.)  Schott  .27 
Boehmeria  cylindrica  (L.)  S.W.  .20 
Carex  tribuloides  Wahlenb.  (?)  .20 
Equisetum  arvense  L.  .20 
Laportea  canadensis  (L.)  Wedd.  .20 
Hlea  pumila  (L.)  Gray  . 20 
Ranunculus  abortivus  L .  .20 
Ambrosia  trifida  L.  .13 
Anemone  canadensis  L.  .13 
Carex  scoparia  Schk.  .13 
Achillea  millefolium  L .  .07 
Carex  intumescens  Rudge  .07 
Cucuta  maculatum  L .  .07 
Circaea  quadrisulata  (Maxim.)  Franch.  &  Sav.  .07 
Cirsium  vuigare  (Savi.)  Tenore  .07 
Cryptotaenia  canadensis  (L.)  D.C.  .07 
Eteocharis  obtusa  (Willd.)  Schultes.  .07 
Salium  obtusum  Bigel  .07 
Geum  canadense  Jacq.  .07 
Impatiens  biflora  Walt.  .07 
Impatiens  pallida  Nutt.  .07 
Lysimachia  nummularia  L.  .07 
Oxalis  stricta  L.  .07 
Fhysa 1  is  heterophy 1 1  a  Nees.  .07 
Poa  pratensis  L.  .07 
Polygonum  arifol ium  L.  .07 
Polygonum  sagittatum  L.  .07 
Polygonum  virqinanum  L.  .07 
Rumex  verticillatus  L.  .07 
Smilacina  stellata  (L.)  Desf.  .07 
Smilax  ecirrhata  (Engelm.  )  S.  Wats.  .07 
tha) ictrum  dioicum  L.  .07 
Urtjca  dioica  L.  .07 
Vi'oT'a  cucul lata  Ait  (?)  .07 
VToTa  missounensis  Green  .07 


A 


TABLE  A17 

Frequency  of  emergent  species  encountered  in  marshes  along  Transect  8. 


Herbs 

Sagittaria  rigida  Pursh.  .64 
Saqittaria  latifolia  Willd.  .54 
Phalaris  arundinacea  L .  .36 
Saqittaria  rigida  forma  fluitans  .36 
Scirpus  validus  Vahl.  .27 
Saqittaria  enqelmannia  J.G  Smith  .18 
Sparganium  eurycarpum  Engelm.  .18 
Scirpus  fTuvitilis  CTorr.)  Gray  .09 
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TABLE  A18 


Frequency  of  submergent  species  found  along  Transect  8. 
Deep  Water 


Cera tophy Hum  demersum 
1 1  odea  canadensis  M i'chx . 
Potamoqeton  crispus  L. 

Potamoqeton  fpl iosus  Raf. 
Potamoqeton  pectinatus  L. 
Potanogeton  zosterifomis  Fern. 
Potamogeton  nodosus  Polr. 

Nymphaea  tuberose  Paine. 
Heteranther'a  duaia  (Jacq.)  MacH 
Ne jumbo  pentajetaTa  (Walt.)  Fern. 
ValUsnerja  ar.gri cTna  Michx. 
HyrTophyTTum  ?xa 1 bescens  Fern. 
Ranunculus  clrcinatus  Slbth. 
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Table  27.  Standing  cron  (  n/n2)  of  benthic  organisms,  and  standing  crop 

(q/m2)  of  rooted  veaetation.  Transect  B  station  7  ,  Maviqation 

Pool  Mo.  8,  1  <573 . 


TAXO':  (Benthos) 

BIOMASS  (o/n2) 

’’ollusca 

0.000 

Annelida 

Hiruninea 

0.000 

Plioochaeta 

0.000 

Isoooda 

0.006 

Anohinoda 

0.000 

Insecta 

Enhenerontera 

Baetidae 

0.014 

Fnheneridae 

0.077 

foleontera 

0.000 

Trichootera 

0.000 

Oiptera 

Tendipedidae 

0.011 

Heleidae 

0.107 

others 

0.007 

Total 

0.222 

TAXOfl  (Vegetation) 


Erms  (q/n2) 


Table  A28.  Standinq  crop  (  o/m^)  of  benthic  ornanisns,  and  standi'nn  crop 

(q/nr)  of  rooted  venetation.  Transect  B  station  8  ,  Navigation 

Pool  rro.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (r?/n2) 

Hollusca 

0.000 

Annel ida 

Hiruninea 

0.000 

01  iqochaeta 

0.002 

IsoDoda 

0.000 

Anohipoda 

0.000 

Insecta 

EDhenerontera 

Baetidae 

0.000 

Eoheneridae 

0.579 

Coleoptera 

0.000 

Trichoptera 

0.000 

Dintera 

Tendioedidae 

0.150 

Meleidae 

0.021 

others 

0.161 

Total 

0.913 

TAXON  (Venetation) 


BIO? -ASS  (q/n?) 


Table  A29.  Standing  cron  (  n/m^)  of  benthic  oroanisns,  and  standino  cron 

(n/m2)  of  rooted  venetation,  Transect  B  station  9  ,  navigation 

Pool  Flo.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (o/n?) 

Mollusca 

5.946 

Annel id a 

Hiruninea 

0.198 

01 inochaeta 

0.917 

Isopoda 

0.038 

Amphinoda 

0.036 

Insec ta 

Eohemeroptera 

Baetidae 

0.067 

Epheneridae 

13.879 

Coleoptera 

0.016 

Trichootera 

0.069 

Oiptera 

Tendipedidae 

0.083 

Heleidae 

0.034 

others 

0.247 

Total 

21.530 

TAXnri  (Vegetation) 


BIOMASS  (o/n2) 


Table  A31.  Standing  cron  (  o /n2)  of  benthic  omanl  sis,  and  standlnn  crop 

(n/pi2)  of  rooted  venetatlon,  Transect  B  station  11  ,  flavloatlon 
Pool  :.’o.  8,  1^73. 


TAXO?!  (Benthos) 

RI^’ASS  (n/m2) 

f!ollusca 

0.495 

Annel Ida 

Hlruninea 

0.000 

Olloochaeta 

0.000 

Isopoda 

0.000 

Anphlpoda 

0.000 

Insecta 

Eohenerontera 

Baetldae 

0.000 

Fphemerldae 

0.333 

Coleootera 

0.000 

Trlchoptera 

0.000 

Olptera 

Tendlnedldae 

0.066 

Heleidae 

0.029 

others 

0.000 

Total 

0.923 

TAXOri  (Vegetation) 


BI*V»$S  (n/n2) 
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Table  A32.  Standlnn  croo  (  n/m^)  of  benthic  omanl^s,  and  standing  cron 

(q/n?)  of  rooted  veoetatlon,  Transect  B  station  12  ,  'Javlnation 
Pool  "o.  8,  1973. 


TAXOri  (Benthos) 

B!*”SS  (n/r2) 

"ollusca 

0.000 

Annel Ida 

Hlrunlnea 

0.000 

niioochaeta 

0.014 

Isoooda 

0.002 

Anohlnoda 

0.004 

Insecta 

Ephemerootera 

Baetldae 

0.000 

Enhenerldae 

5.763 

roleoptera 

0.000 

Trlchoptera 

0.000 

Dlptera 

Tendlncdldae 

0.042 

Heleldae 

0.012 

others 

0.246 

Total 

6.063 

TAXO”  (Veoetatlon) 

[n/n2) 

NONE 


Table  A33.  Standlnn  cron  '  n/r**)  of  hjntMc  omanl  vs,  and  standlnn  cron 

(n/rv)  of  rooted  vegetation.  Transect  B  station  13  ,  Vavloatlon 
**ool  **o.  8,  1073. 


TAX**!  (Oenthos)  Sl'*,*«*  (n/n?) 


'’ollusca 

4.459 

Annelida 

IMrunlnea 

0.204 

Ollnochaota 

1.152 

Isoooda 

0.213 

AnpMnoda 

0.212 

Insec ta 

fnheneroetera 

Saetldae 

0.138 

fnbenerldar 

0.000 

foleontcra 

0.000 

TrlcHontera 

0.039 

"Iptera 

Tendioedlda* 

0.079 

ifclcldae 

0.002 

others 

0.002 

Total 

6.500 

TAxnn  (veoetatloo) 

BIHM4SS  (o/«?) 

Saglttarla  Latlfolta,  Wild. 

1012.938 

Table  A34.  Ctandino  tree  (  s/n*)  of  henthic  nmanisin*.  and  standinn  cror 

(o/m )  of  rooted  vegetation,  Transect  8  station  14  ,  navigation 
Pool  *io.  8,  197  J. 


TW9f*  (aenttos) 

'tollusca 

0.000 

Annel f da 

Hlrvninea 

0.000 

^HnocNifta 

0.00? 

tsoooda 

0.00? 

AnoMroda 

0.000 

Insect a 

Fnbenerootere 

Raetldae 

0.000 

CntareHdee 

0.000 

Coltootera 

0.000 

Trlcboottra 

o.oto 

nip ter a 

Tcndinedldae 

0.048 

ittleidae 

0.00$ 

others 

0.000 

Total 

0.0(0 

TAJOfl  (Vegetation) 

•IflTSM  (o/r*?) 

none 


Table  A.W.  cn#  (  n/mr  |  a#  freatMc  omiotsm,  Ml  sUM<m  cw 

fafrr  )  «f  reotHl  *M*U!iw,  I  station  14  , 

**1  *©.  0.  IW. 


T/W^n  (feaiton) 

•rr**'  {****) 

‘toll use* 

10.406 

fm«l  tee 

hruniM4 

0.00? 

^ItoKlMitd 

1.1)0 

fteeotf* 

0.004 

bnMtn«4« 

o.an 

t«iKU 

fnb#wart«*fe#» 

MU«M« 

0.0)1 

fmtorwrtrfa# 

0.600 

0.000 

Tri(toet*f* 

0.000 

o.on 

0.006 

ettofi 

7.006 

total 

14.90) 

T4Wt  (Tenet*  tie*) 

•term  (nfv?) 

MMC 


UbU  A.M.  *U*^>**  <**#  I  ***i»h*T  or**<M $.*'•$ ,  *♦.<*  fro? 

(*/<*’•)  of  «(*»«•■»  towutm,  I  li  ,  v*« initio* 

fo>l  '».  4,  I’H, 


'  FTOT  1 


TA4Hn  (ft»(m} 


rxt  r  t1  * 


"fclMf* 

H  nt 

4***ttU 

Wl  #**■««#* 

out* 

*1  I'M«IV<«»U 

OU 

lt«*04* 

0  toil 

**♦»*» 

o  m 

>**tW0*8rgi»r» 

If  *#?  1«*4» 

0  00* 

ff***r*Nr»  ?*• 

ivn 

C®l*wt**< 

0„«»l 

Trl**©****# 

0  090 

'Hflff* 

0.t«f 

*l««4tt 

0  01* 

«**r* 

0.000 

foul 

)*  m 

('V**US  l«o!l 

IfWlt 

Cy«t<g^Hn>  fxotng^'jt?.  1. 
<.***{*»'* :  i .  ,|,icM 

Sty  tu»*V  V'if. 

i  «***<**« 


H.9H 

j  ta 
m 

»MM 

*o.n 

nrs» 


T*At*  A  >7  **.&**}**  tn*  *  * 

**  «ijt»*»*-t  •miiMs.v-S'.  *♦»-"-  *  *.**i<J  i  w  rr«* 

#f&*1**-*»?  **t»**r 1 

%nl  ■*  #.  t«*r 

!.*****,  *#•■*#>?«<  •  4  «•»*•»#*«  HI  ,  *v1<%*n<W 

Mn 

VmiI  >■■$.» 

f.ftffl 

«■»***»<*«■• 

0 

*1  »*««ft<***4 

1  *•* 

0  w 

Arn^tiMMS* 
t*m<  d 

11 =#11 

*(*#5  ».#,** 

0,M 

(  *¥&**•*  f  t*4t 

to  m 

0  093 

"Jim##* 

0  000 

OH? 

P*  I#  !*>«*• 

0,00- 

0  *0* 

P.iK 

r*r*r?  tYwfUt’Oo' 

tteAMI  »»{M 

MfJ 

^tf*tesA^n«m  i. 

«!.§}? 

TOST 
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Table  A>S,  'uivMm  (  -Jr*  )  nf  ten  i  Me  organism,  and  standing  crop 

(r/r*)  qP  rr^'fl  venetatioo.  Transit  B  station  18  ,  *!avinat»on 
Peel  a.  S.  1*73. 


('“>0  t*ri*  I 

rrv,*^r  (o/r.. 

*oltt>aca 

50.545 

*nn#1 Ida 

vint*  it-?* 

*.130 

1.190 

1 aopeda 

0.8*7 

/’moMroda 

1.819 

t  Oft0r»rtX'*>tr* 

BaaiM** 

0.018 

fnfttirortdao 

10.594 

C©1*OOt*M 

0.000 

Trl«NM>?*ra 

0.034 

fHpt#ra 

0.511 

Haiti*?** 

0.000 

©tb«r* 

0.000 

total 

67.668 

**jr-M*t  (n/X?1 

Sanitaria  iait*©l»a,  mild 

503.5*2 

tledea  C**a<te«sis. 

66 . 743 

total 

570. *65 

^  *  f  i 


*  ‘**'>'  Ml  -  -*  iVf'Iri* 

{tfj***  !**.'♦■«»•  \i»  ■«*•■  -«-*-  *  •>**■ 

<«**♦  *  ^ 


*'  !»*•*» 


H-l  >i.«*  ... 

V 

»/ 

*  <  .  i  ...  •  lt*>4 

1 

.*„- 

‘t  .  W1»H 

v 

•V. 

4  »  »  ■-  ■  Jt 

i  I4«H 

III 

V**.*-.  <-**- 

• 

•* 

'.  '*4 •  ■  '  f1 

11 

<.'1 

1  v t  .'M-t  n- 

V 

mm 

t  i  *  /i 

1 

mm 

rl  U  -**- 

.**•  (.  (  1  ^v.  «•  t  '  A«  * 

1 

me- 

f 

«> 

•w«»  »- 

» 

T 

If. 

M  • 

V%  *«Yfc| 


f  M  **4 * 


I 


V»*u  7*  ^**v*  -**»♦ 

1*hlll'tMV"',V  -• 

"••'*  »•':■■-"  "  •-• 
i  •%*£>(  - ;  •.t4-..“*  i  '■  • 

j|W>  ‘  ■  ft  '  t  5‘-  •  ’  !*‘  t 

’•Vt : 


*»  syw 

*  iq» 


-  if; 

m 

■rrrr  -=r?» 


*<  ♦ 


,♦»*!.«  HW1 


UO 


it"  *<**»•»  t,'*  '  »*  =>4  r»»*4i*»4  >  m*i;  ,  <Hi?  tf'Cir' 

ft f  4*rt t*tti  u THttAt*  ,*#  .  1*'*d  t,«x<  *•  ”£i  4  tfld 

•**♦•  f  '<t  *  "  J  ‘  ^ 


'M’lMm*  n  mi 

*»w«r  it* 

<<!**♦♦♦  >b«a  t.  mi; 

ti I  >l:ii 

'fliMBll*  I  tfrt! 

I  tiit* 

i*»»  *»»*••  t.  m*c 

i  -I  HtM  t.  t*  “ 

•<»  f  «***»*<»  I.  tttj> 

I  p?t 

"tmt-BtMtw  t  ;•» 

j  j);n 

*mm<*  »  nm 

*!»*»>■  t  mt 


•‘Ww  '*«b t 


Ta&le  JUI.  SUM  in*  cn w»  {  nfr?\  of  hentMc  nmanlsrs,  and  standlnn  cron 

io/rf)  of  rooted  notation.  Transect  B  station  21  ,  ‘iavioation 
Poo)  o.  8.  P71. 


TW^fr  (Centos 1 

*  !*•***  (n/n?) 

nellvtca 

2.973 

foot) Ida 

wtruftlnea 

0.002 

*1  tnacMafa 

0.467 

tseaeda 

0.000 

AroMeoda 

0.000 

Intacta 

fanttda* 

0.000 

r  <*«**?  tea* 

0.831 

Geleaettra 

0.096 

?r»cNK*t*ra 

0.000 

Wrt*fi 

0.234 

Malaida* 

0.000 

«Nrs 

0.161 

Total 

4.764 

Twm  (f**#tatton1 


*!"-•*$<  (n/n?) 


172 


Table  A42.  Standino  cron  (  o/m^)  of  benthic  ornanisns,  and  standinn  crop 

(n/n^)  of  rooted  venetation,  Transect  B  station  22  ,  Eviration 
Pool  No.  8,  1973. 


TAX0*!  (Benthos) 

BIOMASS  (o/m?) 

Mollusca 

3.468 

Annelida 

Hirunlnea 

0.362 

niinochaeta 

1.757 

Isonoda 

0.494 

l'nnhir>oda 

0.927 

Insec ta 

Fnhenerootera 

Baetldae 

0.029 

Fnheneridae 

44.553 

Coleootera 

0.003 

Trichootera 

0.000 

Olotera 

Tendipedidae 

0.307 

Meleldae 

0.022 

others 

0.322 

Total 

52.254 

TAXON  (Vegetation) 

BIOMASS  (q/n?) 

CeratODhvllum  demersum.  L. 

6.990 

Elodea  canadensis.  Michx 

96.072 

Lemnaceae 

7.812 

Saaittaria  latifolia.  Willd. 

88.260 

Total 

T  99 .1 34 
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Table  A43.  Stanjjinn  cron  (  n/n?)  of  benthic  ornanisns,  and  standino  crop 

(q/rf-)  of  rooted  vegetation.  Transect  B  station  23  >  "aviqation 
Pool  Mo.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (o/n2) 

Mollusca 

33.696 

Annelida 

Hiruninea 

0.184 

Olioochaeta 

0.488 

Isopoda 

0.134 

Anohinoda 

1.379 

Insecta 

Eohemerootera 

Baetidae 

0.045 

Fphetneridae 

12.582 

Coleoptera 

0.045 

Trichontera 

0.115 

oiotera 

Tendioedidae 

0.341 

Heleidae 

0.001 

others 

0.000 

Total 

49.010 

TAXON  (Veoetation) 


BIOMASS  (o/r.2) 


174 


Table  A44.  standlnq  crop  (  q/m2)  of  benthic  oroanlsns,  and  standlno  cron 

(a/rv  )  of  rooted  venetatlon,  Transect  B  station  24  ,  Navlnatlon 
Pool  Ho.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (q/n2) 

Mollusca 

Annelida 

32.210 

Wiruninea 

0.177 

Ollaochaeta 

0.151 

Isopoda 

0.237 

Anphipoda 

Insecta 

Eohenerootera 

1.064 

Baetldae 

0.062 

Fohenerldae 

0.000 

Coleootera 

0.003 

Trlchoptera 

Diptera 

0.120 

Tendlnedldae 

0.377 

Heleldae 

0.002 

others 

0.000 

Total 

34.403 

TAXON  (Venetatlon) 

BIO"ASS  (o/m2) 

NONE 


A 
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Table  A45.  Standlnn  cron  (  n (v?)  of  benthic  organisms,  and  standlnn  cron 

(o/m*)  of  rooted  venetatlon,  Transect  B  station  25  ,  “avination 
Pool  ‘lo.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (n/n’l 

Mollusca 

10.901 

Annelida 

Hlrunlnea 

0.073 

01 Inochaeta 

7.907 

Isopoda 

0.124 

Anohlooda 

0.007 

Insec ta 

Enhenerootera 

Baetldae 

0.007 

Enhemerldae 

0.472 

Coleootera 

0.000 

Trlchontera 

0.000 

Olotera 

Tendloedldae 

0.584 

Heleldae 

0.000 

others 

0.000 

Total 

20.075 

TAXON  (Venetatlon) 

BI0M4SS  (n/n?) 

Ceratpahyllvgw  detnersum,  L. 

76.885 

El odea  canadensis.  Michx 

19.461 

Lemnaceae 

18.228 

Saaittarla  latl folia.  HI  1 Id 

688.129 

Total 

55T7 SI 

Table  A46.  standlnn  crop  (  ■ /r?)  of  benthic  omanlsns,  and  standlnn  cron 

(n/ir  )  of  rooted  veaetatlon,  Transect  8  station  26  ,  navigation 
Pool  'Jo.  8.  1973. 


TAX^l  (Renthos) 

MnrASS  (n/n?) 

Mollusca 

7.433 

Annel Ida 

Htrunlnea 

0.059 

Olloochaeta 

0.314 

Isopoda 

0.137 

Anphlooda 

0.395 

Insec ta 

Fphenerootera 

Baetldae 

0.047 

Fphenerldae 

0.005 

Coleoptera 

0.003 

Trlchontera 

0.080 

Olptera 

Tendloedldae 

0.053 

Heleldae 

0.000 

others 

0.000 

Total 

8.526 

TAXdft  (Veoetatlon) 

Blow;  (n/m2> 

Table  A47.  Standing  cron  (  nfr?\  of  tenthlc  oroanisns,  and  standing  cron 

(n/n?)  of  rooted  venetation,  Transect  B  station  27  ,  ‘:avlnatlon 
Pool  f*o.  8.  Id73. 


TAXOTI  (Benthos) 

PJOf^SS  (n/n- ) 

"ollusca 

1.982 

"nnel Ida 

Hlrunlnea 

0.000 

01 Inochaeta 

0.000 

Isonoda 

0.019 

Vinhlpoda 

0.000 

Insec ta 

f phene root era 

Baetldae 

0.260 

fohmerldae 

0.162 

Coleootera 

0.006 

Trlchontera 

0.000 

Dlptera 

Tendinedldae 

0.055 

Peleldae 

0.002 

others 

0.000 

Total 

2.486 

TAXO'l  (Veoetation) 

DIKIJS  (o/n?) 

NONE 


Table  A48.  *tanfjinn  croo  (  g/w^l  of  benthic  omanism,  and  stand  inn  crop 

(o/n4-)  of  rooted  vegetation.  Transect  8  station  28  ,  "avioation 
»»ool  No.  8.  1°73. 


UXm  (Benthos' 

(n/n*' 

'iollusca 

14.246 

Annelida 

(Mruninea 

0.039 

01  inochaeta 

0.161 

Isonoda 

0.038 

Anohlooda 

0.282 

Insec ta 

Eohemeroptera 

Baetidae 

0.050 

Enbenerldae 

8.748 

Coleootera 

0.010 

Trlchootera 

0.021 

Olntera 

Tendioedidae 

0.070 

Feleidae 

0.008 

others 

0.005 

Total 

23.678 

TAXON  (Veoetatlon) 

(n/rn) 

NONE 


Table  AA9.  Standine  eroo  (  n/n*)  of  henthic  ©manisrs,  and  standing  croo 

(rt/r^'  of  rooted  vegetation.  Transect  8  station  29  ,  “avioation 
*>ool  *o.  8,  1*71. 


TAXW  (Benthos) 

«inc«A^f  (e/n?) 

•loll  usee 

8.919 

Annel Ida 

Wirunlnea 

0.910 

niioochaeta 

0.907 

Isonoda 

2.741 

Anehlooda 

1.939 

Insec ta 

Cnhenerootera 

Baetldae 

0.071 

foheneridae 

2.704 

Col eon t era 

0.060 

Trlchontera 

0.307 

Olotera 

Tendioedidae 

0.052 

>*e1c1<lae 

0.007 

others 

0.005 

Total 

18.622 

TAX^*!  (wm*»tat1on) 

(n/r?) 

104.843 


Nelvmto  BsniafiftUla.  f*™ 


Table  A50,  'uiHim  crop  (  nfr?)  nf  nmanisr**,  iftd  standing  crop 

{*frr\  o#  rooted  vegetation,  Vanseet  8  station  TO  ,  'tayiaetion 
•ool  'to.  8,  1973. 


TAXOft  (PentNw)  8I^»AS9  (e/n?i 


•toll usee 

19.326 

Ann* 1 Ida 

Hlrunlnea 

0.308 

01  toochanta 

2.22a 

Isoooda 

0.460 

AneMnod* 

0.230 

Insect* 

FnMneroot  era 

Feet  idee 

0.001 

Coherer Ida* 

5.009 

Co1eo»tera 

0.011 

Trlcbopter# 

0.104 

Olotara 

Tendfnedfdae 

0.202 

Meleldee 

0.000 

others 

0.021 

Total 

30.118 

TAXOPj  (Veoetatlon) 

8|9r*a«c  («/*’) 

CflratQBhyllun  detnersun.  L. 

18.639 

Elodea  uuuuUuul ii«  Mich* 

40.430 

llelunbft  pen  tape  tala.  Fern. 

89.768 

Saalttarla  rial  da.  Pursh 

7.538 

Total 

1357375 

Table  A51.  Standino  eroe  t  -*/r?\  of  henthie  omanism,  and  standi**  eroo 

(e/r?)  of  rooted  ^notation ,  ’rans<*ct  8  statin*  3)  ,  "agination 
bool  so.  8 ,  1*73. 


W*<V|  (Benthos)  (n/r?) 


hoUuie* 

S.4S0 

Annelida 

Hiruninea 

0.172 

*1 inocHaeta 

0.126 

I  so  coda 

0.186 

AnoMooda 

1.1S4 

Insec ta 

fnlienerootera 

Saetidae 

0.038 

Crttemeridae 

16.627 

Coleootnra 

0.109 

Trichnntera 

0.034 

Dint era 

Tendlnedtdae 

0.069 

•  el  aide# 

0.000 

others 

0.005 

Total 

23.990 

TAW  (Annotation) 

H'AVvSf  (n/rr ) 

I 


I) 

Table  A52.  *tan^ino  cron  (  n/r*  1  of  henthic  omanls'is,  and  standlnn  cron 

(«/fv  )  of  rooted  vegetation,  Transect  8  station  32  ,  ‘.'avination 
bool  :©.  8 .  Id73. 


TAX*’’  (benthos) 

h!b**AS<;  (o/n2) 

‘tollusca 

20.317 

Annelida 

IMrunfnea 

0.202 

01 ioochaeta 

0.035 

Isopoda 

0.087 

AmnMroda 

0.029 

Insec ta 

Coftcnerontera 

Paetidae 

0.066 

foheneridae 

9.003 

Coleontera 

0.025 

Trfchootera 

0.000 

Olotera 

Tendlo edldae 

0.081 

Mele' Jae 

0.004 

others 

0.161 

Total 

30.030 

TAXO’i  (Vernation) 

Rl^’ncc  (n/r?) 

NONE 
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NL 


UNCLASSIFIED 
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Table  A53.  Standinn  cron  (  n/n2)  of  benthic  oroanisns,  and  standino  cron 

(n/m2)  of  rooted  venetation,  Transect  B  station  33  ,  ‘’avioation 
Pool  *’o.  8,  1P73. 


TAXO'I  (Benthos) 

RIP'', ASS  (q/n2) 

f1ollusca 

1.486 

Annelida 

Hiruninea 

0.000 

Plinochaeta 

0.120 

IsoDoda 

0.002 

Arrmhinoda 

0.048 

Insecta 

Ephenerontera 

Baetidae 

0.050 

Enheneridae 

3.951 

Coleoptera 

0.001 

Trichoptera 

0.000 

Diptera 

Tendipedidae 

0.115 

Heleidae 

0.003 

others 

0.000 

Total 

5.776 

TAXON  (Venetation) 

BIOMASS  (n/n2) 

NONE 
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Table  A54.  Standino  cron  (  o/m-)  of  benthic  ornanisms,  and  standino  crop 

(q fr?-)  of  rooted  venetation,  Transect  b  station  34  ,  Mavination 
Pool  No.  8,  1973. 


TAX^N  (Penthos) 

BIOMASS  (o/n?) 

Hollusca 

5.450 

Annel ida 

Hiruninea 

0.047 

01  ioochaeta 

0.086 

Isonoda 

0.020 

Anphinoda 

0.019 

Insecta 

EpheneroDtera 

Paetidae 

0.065 

EDheneridae 

0.034 

Coleontera 

0.073 

Trlchontera 

0.045 

Diptera 

Tendioedidae 

0.107 

Neleidae 

0.000 

others 

0.000 

Total 

5.946 

TAXON  (Vegetation) 


BIOTASS  (n/n?) 
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Table  A55.  Standino  crop  (  o/n2)  of  benthic  oroanisms,  and  standinn  crop 

(o/n2)  of  rooted  veoetation,  Transect  B  station  35  ,  Naviqation 
Pool  Mo.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (o/n2) 

Mollusca 

2.477 

Annel ida 

Hiruninea 

0.164 

01  ioochaeta 

1.285 

Isonoda 

0.530 

Annhinoda 

0.368 

Insec ta 

Enhenerontera 

Baetidae 

0.044 

Fnheneridae 

2.811 

Col eoptera 

0.012 

Trichontera 

0.000 

Diptera 

Tend ipedi da e 

0.271 

Meleidae 

0.006 

others 

0.166 

Total 

8.134 

TAXON  (Veoetation) 


BIOMASS  (o/n2) 


Table  A56.  Standino  cron  (  n/n2l  of  benthic  oraanisms,  and  standino  cron 

(n/m2)  of  rooted  veoetation,  Transect  B  station  36  ,  Navioation 
Pool  Mo.  8,  1Q73. 


TAXON  (Benthos) 

BIOMASS  (a/n2) 

Mo  Hu  sea 

61.694 

Annelida 

Hiruninea 

0.000 

01 inochaeta 

1.148 

Isopoda 

0.220 

Amnhi poda 

0.476 

Insecta 

Enhemeroptera 

Baetidae 

0.000 

Enheneridae 

3.598 

Coleontera 

0.000 

Trichontera 

0.016 

Diptera 

Tendipedidae 

0.152 

Heleldae 

0.000 

others 

0.000 

Total 

67.304 

TAXON  (Veoetation) 


BIOMASS  (o/n2) 
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Table  A57.  Standinn  cron  (  o/n^)  of  benthic  ornanisns,  and  standinn  cron 

(n/n' )  of  rooted  venetation,  Transect  B  station  37  4  Naviqation 
Pool  "o.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (o/m*) 

Mollusca 

6.442 

Annelida 

Hiruninea 

0.096 

Oliqochaeta 

0.901 

Isoooda 

0.049 

Anphiooda 

0.053 

Insecta 

Enhemerontera 

Baetidae 

0.004 

Eohemeridae 

0.272 

Coleootera 

0.000 

Trichontera 

0.034 

Oiptera 

Tendinedidae 

0.280 

Heleidae 

0.000 

others 

0.000 

Total 

8.131 

TAXON  (Venetation) 


BIOMASS  (n/m?) 


Table  A58.  Standino  cron  (  o/n^l  of  benthic  ornanisr’S,  and  standing  cron 

(o/n2)  of  rooted  venetation,  Transect  B  station  38  ,  ''avination 
Pool  'Jo.  8,  1"73. 


TAXON  (Benthos) 

Rinr'ASS  (a/n^) 

Mollusca 

24.777 

Annel i da 

Hiruninea 

0.062 

Olioochaeta 

0.677 

Isonoda 

0.087 

Amnhinoda 

0.167 

Insecta 

EDhenerontera 

Daetidae 

0.015 

Ephemeridae 

0.730 

Coleontera 

0.029 

Trichontera 

0.025 

Ointera 

Tendipedidae 

0.228 

Heleidae 

0.003 

others 

0.031 

Total 

26.831 

TAXON  (Venetation) 


BIOMASS  (q/n?) 
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Table  A59.  Standinn  cron  (  o/n?)  of  benthic  ornanisns,  and  standino  croo 

(<l/n2)  of  rooted  venetation,  Transect  B  station  39  ,  Vavination 
Pool  r'o.  8,  1973. 


TAXO’I  (Benthos) 

BIOMASS  (o/n-) 

r’ollusca 

8.919 

Annelida 

Hiruninea 

0.127 

01 ioochaeta 

0.122 

Isonoda 

0.026 

AmohiDoda 

0.027 

Insecta 

Enhenerootera 

Baetidae 

0.140 

Fnheneridae 

1.143 

Col eootera 

0.001 

Trichontera 

0.005 

Diptera 

Tendinedidae 

0.074 

Heleidae 

0.000 

others 

0.010 

Total 

10.694 

TAXO*!  (Veoetation) 

(o/in2) 
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Table  A60.  Standinn  cron  (  o/n^)  of  benthic  ornanisns,  and  standino  cron 

(q/n?)  of  rooted  venetation,  Transect  B  station  40  ,  havination 
Pool  no.  8,  1973. 


TAXON  (Benthos) 

PIWASf  (n/m‘) 

fiollusca 

2.414 

Annel ida 

Hiruninea 

0.000 

Olinochaeta 

0.103 

Isopoda 

0.000 

Annhiooda 

0.002 

Insecta 

EnhemeroDtera 

Baetidae 

0.011 

Epheneridae 

0.124 

Ooleootera 

0.000 

Trichootera 

0.000 

Diptera 

Tendinedidae 

0.006 

Heleidae 

0.000 

others 

0.008 

Total 

2.668 

TAX0?!  (Venetation)  BIP’VASE  (n/n?) 
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Table  A61 .  Standinn  crop  (  o/m2)  of  benthic  oroanisms,  and  standinn  cron 

(n/n2)  of  rooted  venetation.  Transect  B  station  41  ,  Navination 
Pool  *'o.  8,  1973. 


TAXON  (Benthos) 

BI^ASS  (o/m2) 

Mollusca 

4.955 

Annel ida 

Hiruninea 

0.000 

01 inochaeta 

0.671 

Isonoda 

0.000 

Amnhinoda 

0.014 

Insecta 

Enhemerootera 

Baetidae 

0.000 

Enheneridae 

3.510 

Col eontera 

0.000 

Trlchontera 

0.000 

Diptera 

T  endiprydidae 

0.401 

Heleidae 

0.000 

others 

0.016 

Total 

9.567 

TAXON  (Venetation) 


BIOMASS  (n/m2) 
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Table  A62.  Standing  crop  (  n/n?1  of  benthic  ornanisns,  and  standlno  cron 

(n/n<)  of  rooted  venetation.  Transect  B  station  42  ,  Navigation 
Pool  Ho.  o,  1  <173 . 


TAX^rj  (Benthos) 

BIOMASS  (o/n?) 

"ollusca 

Annelida 

1.486 

Hlruninea 

0.352 

01 ioochaeta 

0.768 

Isopoda 

0.067 

Annhipoda 

Insec ta 

Enhenerootera 

0.564 

Raetidae 

0.000 

Enhernerldae 

0.289 

Coleontera 

0.000 

TrlchoDtera 

Oiptera 

0.000 

Tendlnedidae 

0.100 

Heleidae 

0.021 

others 

0.010 

Total 

3.639 

TAXON  (Venetation) 

BIOMASS  (n/m2) 

Sagittaria  latifolla,  Willd. 


3007.017 


Table  A63.  Standinn  cron  (  n/n2)  of  benthic  ornanisns,  and  standino  cron 

(n/n2)  of  rooted  veoetation,  Transect  B  station  43  ,  f'aviqation 
Pool  rio.  8,  1<73. 


TAXON  (Penthos) 

BIOMASS  ( n/n ?) 

Mollusca 

28.989 

Annel ida 

Hi  run inea 

0.206 

01  inochaeta 

0.645 

Isonoda 

0.271 

Anphinoda 

1.297 

Insecta 

Epheneroptera 

Baetidae 

0.130 

Fnhereridae 

4.783 

Coleootera 

0.003 

Trichontera 

0.016 

Ointera 

Tendio edidae 

0.184 

Heleidae 

0.007 

others 

0.169 

Total 

36.709 

TAXON  (Veoetation) 

BIOMASS  (n/n2) 

Ceratophvllum  demersum,  L.  9.045 
Elodea  canadensis,  Michx  153.496 
Potamoqeton  crispus,  L.  1.233 
Potamoqeton  foliosus,  Raf.  .685 
Sagittaria  latifolia,  Willd.  1154.236 
Total  1318.695 


Table  A64. 


Standinq  cron  (  q/n2)  o*  benthic  oroanisns,  and  standinn  cron 
(q/n2)  of  rooted  veoetation,  Transect  B  station  44  ,  Havioation 
Pool  Ho.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (n/m2) 

Hoi lu sea 

7.928 

Annel ida 

Hiruninea 

0.356 

01 ioochaeta 

2.760 

Isoooda 

1.728 

Annhinoda 

3.378 

Insecta 

Eohenerontera 

Baetidae 

0.166 

^nheneridae 

1.037 

Coleontera 

0.046 

Trichontera 

0.171 

Olntera 

Tendinedidae 

0.030 

Heleidae 

0.007 

others 

0.247 

Total 

17.754 

TAXON  (''eoetation) 

BIOMASS  (n/n2) 

Saqittaria  lati folia,  Willd. 

1579.914 

Lemnaceae 

9.731 

Elodea  canadensis,  Michx 

5.893 

Ceratoohyllum  demersum,  L. 

7.538 

Total 

1603.076 

mmam 
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Table  A65.  Standino  crop  (  q/m2)  of  benthic  oroanisns,  and  standinn  crop 

(a/n2)  of  rooted  veaetation,  Transect  B  station  45  ,  Navigation 
Pool  No.  8,  1973. 


TAXON  (Benthos) 

BIOPASS  (q/n2) 

Mollusca 

0.000 

Annel ida 

Hiruninea 

0.063 

01  iqochaeta 

1.392 

IsoDoda 

0.176 

Amohipoda 

0.142 

Insecta 

Enhenerontera 

Gaetidae 

0.011 

Fohemeridae 

10.926 

Col eoptera 

0.018 

Trichoptera 

0.067 

Oiptera 

Tendipedidae 

0.037 

I'eleidae 

0.000 

others 

0.241 

Total 

13.037 

TAXON  (Venetation) 

RI0NASS  (o/n2) 

Potamoqeton  foliosus,  Raf. 

6.853 

Ceratoohyl lum  demersum,  L. 

3.974 

Nelumbo  DentaDetala.  Fern. 

90.316 

Total 

101.143 
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Table  A66.  Standinn  crop  (  n/m2)  of  benthic  oraanisms,  and  standino  croo 

(o/m^ )  of  rooted  venetation,  Transect  B  station  46  ,  Havioation 
Pool  Ho.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (q/m2) 

Mollusca 

0.743 

Annelida 

Hiruninea 

0.267 

Oliqochaeta 

1.530 

Isopoda 

1.368 

AmDhiDoda 

2.158 

Insecta 

Ephemeroptera 

Baetidae 

0.047 

Ephemeridae 

4.287 

ColeoDtera 

0.000 

Trichoptera 

0.032 

Di ptera 

Tendipedidae 

1.331 

Heleidae 

0.056 

others 

0.039 

Total 

11.858 

TAXON  (Vegetation) 


BIOMASS  (p/m2) 
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Table  A67.  Standing  cron  (  q/m2)  of  benthic  ornanisns,  and  standino  cron 

(o/m2)  of  rooted  venetation.  Transect  B  station  47  ,  Maviqation 
Pool  No.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (q/m2) 

Mollusca 

18.642 

Annelida 

Hiruninea 

0.020 

01 igochaeta 

0.740 

IsoDoda 

0.009 

Amphipoda 

0.042 

Insecta 

Eohemeroptera 

Baetidae 

0.000 

Ephemeridae 

1.306 

Coleoptera 

0.000 

TrichoDtera 

0.016 

Diptera 

Tendipedidae 

0.083 

Heleidae 

0.028 

others 

0.008 

Total 

20.894 

TAXON  (Vegetation) 


BIOMASS  (g/m2) 
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Table  A68.  Standing  crop  (  q/m2)  of  benthic  orqanisns,  and  standinn  croD 

(q/m2)  of  rooted  vegetation,  Transect  B  station  48  ,  Naviaation 
Pool  Mo.  8,  1973. 


TAXON  (Benthos) 

BIO* 'ASS  (g/n2) 

f'ollusca 

2.973 

Annelida 

Hiruninea 

0.000 

Oliqochaeta 

2.353 

IsoDoda 

0.000 

Amphipoda 

0.000 

Insecta 

Epheneroptera 

Baetidae 

0.000 

Eoheneridae 

34.989 

Coleoptera 

0.000 

Trichoptera 

0.000 

Oiptera 

Tendinedidae 

0.199 

Heleidae 

0.001 

others 

0.483 

Total 

40.998 

TAXON  (Vegetation) 

BIOMASS  (q/m2) 

NONE 
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Table  A69.  Standing  crop  (  q/n2)  of  benthic  organisms,  and  standinn  crop 

(q/m2)  of  rooted  veoetation,  Transect  B  station  49  ,  Naviqation 
Pool  Mo.  8,  1973. 


TAXON  (Benthos) 

BIOf'ASS  (n/m2) 

Mollusca 

44.846 

Annelida 

Hiruninea 

0.027 

Oliqochaeta 

3.102 

Isoooda 

0.018 

AmphiDoda 

0.136 

Insecta 

EphemeroDtera 

Baetidae 

0.022 

Eohemeridae 

0.871 

Coleoptera 

0.000 

Trichoptera 

0.068 

Diptera 

Tendinedidae 

0.410 

Heleidae 

0.219 

others 

0.080 

Total 

49.799 

TAXON  (Veoetation) 


BIOMASS  (o/n2) 
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Table  A70.  Stand inn  crop  (  g/m^)  of  benthic  oraanisms,  and  stand inn  crop 

(o/m^)  of  rooted  vegetation,  Transect  B  station  50  ,  Navigation 
Pool  No.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (g/n?) 

Mollusca 

9.613 

Annelida 

Hiruni.vaa 

0.011 

01 iaochaeta 

0.351 

Isopoda 

0.000 

AmDhipoda 

1.267 

Insec ta 

Eohemeroptera 

Baetidae 

0.025 

Enhemeridae 

0.001 

Coleootera 

0.000 

Trichoptera 

0.060 

Diptera 

Tendipedidae 

0.031 

Heleidae 

0.002 

others 

0.009 

Total 

11.370 

TAXON  (Vegetation) 

BIOMASS  (n/n2) 

Ceratophyllum  demersum,  L.  35.085 
Potamogeton  zosteriformis,  Fern.  41.115 
Total  76.200 
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Table  A71.  Standinq  crop  (  i/n2)  of  benthic  oroanisrs,  and  standino  cron 

(q/m2)  of  rooted  venetation,  Transect  B  station  51  ,  Naviqation 
Pool  No.  8,  1973. 


TAXON  (Benthos) 

BIOMASS  (a/n2) 

Mollusca 

60.208 

Annelida 

Hiruninea 

0.137 

Oliaochaeta 

0.561 

Isopoda 

0.000 

Amohipoda 

2.274 

Insecta 

Ephenerontera 

Caetidae 

0.000 

Epheneridae 

0.000 

Ooleootera 

0.000 

Trichoptera 

1.365 

Diptera 

Tendipedidae 

0.440 

Heleidae 

0.138 

others 

0.000 

Total 

65.123 

TAXON  (Venetation) 

BIOMASS  (q/n2) 

Elodea  canadensis.  Michx 

1.371 

Heteranthera  dubia.  MacM. 

1.508 

Mvriophvllum  exalbescens.  Fern. 

6.853 

Potamoqeton  crisous,  L. 

13.705 

Potamoaeton  foliosus.  Raf. 

.548 

Vallisneria  americana.  Michx 

74.281 

Total 

98.266 

s 


Table  A72.  Standinq  croD  (  o/rv-)  of  benthic  oroanisms,  and  standinn  crop 

(n/n2)  of  rooted  veoetation.  Transect  B  station  52  ,  Havioation 
Pool  ffo.  8,  1973. 


TAXON  (Benthos) 


BIOMASS  (n/rrr) 


Mollusca 
Annelida 
Hiruninea 
01 iaochaeta 
Isopoda 
Amphipoda 
Insecta 

Ephemeroptera 

Baetidae 

Enhemeridae 

Coleoptera 

Trichoptera 

Diptera 

Tendipedidae 

Heleidae 


e 


TAXON  (Veqetation) 


BIOMASS  (q/n2) 


zosteriformis,  Fern. 


americana,  Michx 
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ARCHAEOLOGICAL  BACKGROUND  INFORMATION 

Archaeological  and  historic  sites  of  importance  consist  of  such 
diverse  elements  as  prehistoric  village  sites,  petroglyphs  (rock  pic¬ 
tures),  burial  mounds,  log  cabins,  forts,  and  so  forth.  Sites  of 
significance  may  date  from  thousands  of  years  ago  to  very  recent  times. 
Interest  in  studying  elements  of  human  history  also  varies  as  much 
with  the  times  as  interest  in  studying  elements  of  natural  history. 


STUDIES  IN  THE  LATE  1800's:  THE  LEWIS  AND  HILL  SURVEY 

Fortunately  for  our  study  now,  there  was  a  strong  interest  in  the 
late  19th  Century  in  burial  mounds;  a  massive  study  was  pursued  for 
approximately  20  years  by  Alfred  J.  Hill  and  Theodore  H.  Lewis.  The 
extent  of  their  work  is  best  understood  by  examining  a  few  of  their 
manuscripts,  a  few  samples  of  which  are  reproduced  in  this  report.  In 
1928,  Charles  R.  Keyes  wrote  of  their  accomplishments: 

"The  great  extent  of  the  archeological  survey  work  accom¬ 
plished  by  Lewis  and  Hill  cannot  be  appreciated  except  through 
an  extended  examination  of  the  large  mass  of  manuscript  material 
that  has  been  preserved.  This  consists  approximately  of  the 
following  forty  leather-bound  field  notebooks  well  filled  with 
the  original  entries  of  the  survey;  about  a  hundred  plats  of 
mound  groups  drawn  on  a  scale  of  one  foot  to  two  thousand; 
about  eight  hundred  plats  of  effigy  mounds  (animal -shaped 
mounds  from  Minnesota,  Wisconsin,  Iowa,  and  Illinois)  on  a 
scale  of  one  foot  to  two  hundred;  about  fifty  plats  of  "forts" 
(largely  village  sites  of  the  Mandan  type)  and  other  inclosures 
on  a  scale  of  one  foot  to  four  hundred;  about  a  hundred  large, 
folded  tissue-paper  sheets  of  original,  full-sized  petroglyph 
rubbings  with  from  one  to  six  or  more  petroglyphs  on  each; 
about  a  thousand  personal  letters  of  Lewis  to  Hill;  four  bound 
"Mound  Record"  books  made  by  Hill  and  in  his  handwriting; 
eight  large,  well  filled  scrapbooks  of  clippings  on  archeo¬ 
logical  matters  made  by  Lewis;  numerous  account  books,  vouchers 
and  other  miscellany... 
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"A  single  sheet  of  summary  found  among  the  miscellaneous 
papers  of  the  survey,  apparently  made  by  Lewis,  is  eloquent 
in  its  significance.  Tabulated  by  years  and  place  of  entry, 
the  mounds  alone  that  were  actually  surveyed  reach  a  grand 
total  of  over  thirteen  thousand  --  to  be  exact,  855  effigy 
mounds  and  12,232  round  mounds  and  1  inears... 

"The  survey  is  quite  full  for  Minnesota,  where  work  was 
done  in  all  but  three  counties  of  the  state,  resulting  in 
records  of  7,773  mounds,  besides  a  number  of  inclosures... 
much  information  was  also  gathered  from  the  river  counties 
of  Iowa,  Nebraska,  Kansas,  and  Missouri.  In  Wisconsin  the 
survey  touched  more  than  two-thirds  of  all  the  counties,  mostly 
in  the  field  of  the  effigy  mounds  in  the  southern  half  of  the 
state,  where  the  records  supply  detail  for  no  less  than  748 
effigies  and  2,837  other  mounds.  Iowa  was  explored  most 
fully  in  the  northeastern  counties  as  far  south  as  Dubuque, 
yielding  data  on  61  effigy  mounds,  553  other  mounds,  and  sev¬ 
eral  inclosures.  ...the  survey  yielded  its  richest  results 
in  Minnesota,  the  eastern  parts  of  the  Dakotas,  northeastern 
Iowa,  and  the  southern  half  of  Wisconsin..."  (Surveys  were 
also  conducted  in  the  Dakotas,  Manitoba,  Missouri,  Nebraska, 

Kansas ,  Illinois,  Indianna,  and  Michigan  --  in  all,  eighteen 
states. ) 

"The  strength  of  the  survey  consists,  first  of  all,  in 
the  dependability  of  Lewis  as  a  gatherer  of  facts...  he 
worked  as  a  realist,  measuring  and  recording  what  he  saw  with 
painstaking  accuracy  and  unwearying  devotion...  And  the  fact 
that  these  surveys  were  made  at  a  time  when  a  large  number 
of  mound  groups  that  have  since  disappeared,  or  all  but  dis¬ 
appeared,  were  still  intact,  gives  the  work  of  Lewis  and  Hill 
an  incalculable  worth...  So  far  as  Iowa  is  concerned,  some¬ 
thing  like  half  of  the  antiquities  of  the  northeastern  part 
of  the  state  are  recoverable  only  from  the  manuscripts  of  the 
Northwestern  Archeological  Survey..." 

A  typical  description  of  the  reporting  format  followed  by  Lewis  and 
Hill  is  reproduced  here: 

(IN:  MOUNDS  IN  DAKOTA,  MINNESOTA  AND  WISCONSIN) 

3.  OTHER  MOUNDS  IN  RAMSEY  COUNTY,  MINNESOTA 

At  the  lower  end  of  the  Pig's  Eye  marsh  already  mentioned, 
there  stood  (April,  1868)  an  isolated  mound,  not  situated  on 
the  bluffs,  but  below  them,  near  their  foot,  at  the  highest 
part  of  the  river  bottom  on  the  sloping  ground  half-way  between 
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the  military  road  and  the  road-bed  of  the  St.  P.  &  C.  R.  R. , 
then  in  course  of  construction,  and  distant  about  three  hun¬ 
dred  and  fifty  feet  southward  from  the  culvert  on  the  former. 

It  was  in  a  cultivated  field,  and  had  itself  been  plowed  over 
for  years;  yet  it  had  still  a  mean  height  of  six  and  a  half 
feet;  its  diameter  wa s  sixty-five  feet.  The  top  of  it  was 
only  thirty-one  feet  above  the  highwater  of  the  Mississippi, 
according  to  the  levels  taken  by  the  railroad  engineers. 

The  location  of  the  mound,  according  to  U.  S.  surveys,  was  on 
the  N.  %  of  SE.  %  of  Sec.  23,  T.  28,  R.  22,  and  about  one 
mile  north  of  Red  Rock  landing.  Mr.  J.  Ford,  one  of  the  old 
settlers  of  the  neighborhood,  said  that  a  man  named  Odell  had, 
some  years  previously,  dug  into  it  far  enough  to  satisfy  his 
curiosity,  as  the  discovery  of  human  bones  clearly  proved  it 
to  have  been  built  for  sepulchral  purposes. 

7.  MOUNDS  AT  PRESCOTT,  WISCONSIN 

At  the  angle  formed  by  the  confluence  of  the  St.  Croix 
and  Mississippi  rivers,  on  the  eastern  bank  of  the  former, 
is  the  town  of  Prescott,  Wisconsin.  On  May  13,  1873,  three 
hours'  time  was  employed  in  making  such  reconnaissance  sur¬ 
vey  as  was  feasible  of  the  mounds  which  stretch  along  the 
bluff  on  the  Mississippi  there.  The  smallest  of  them  was 
about  twenty-five  feet  diameter  and  one  foot  high,  and  the 
largest  fifty-six  feet  diameter  and  four  feet  high,  as  nearly 
as  could  be  then  ascertained. 

Pictographs  were  common  on  caves  along  the  Mississippi  River  bluffs. 
Lewis  and  Hill  recorded  their  locations  and  frequently  the  pictures  them¬ 
selves.  Although  specific  reference  was  made  to  them  in  Houston,  Winona, 
Washington,  and  Ramsey  counties  in  Minnesota  and  Alamakee  and  Clayton  coun¬ 
ties  in  Iowa,  it  would  be  unwise  to  assume  that  they  were  limited  to  these 
locations. 

Captain  Carver,  in  1766-67  explored  a  cave  (in  present  day  Ramsey 
County)  as  being  of  "amazing  depth  and  containing  many  Indian  hiero¬ 
glyphics  appearing  very  ancient."  The  cave,  called  by  the  Dakota  "Wakan- 
teebe",  became  a  popular  tourist  attraction  in  the  1 860 ' s .  Railroad  con¬ 
struction  was  responsible  for  its  destruction  by  the  1880's. 
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PRESENT  CONSIDERATIONS 

The  difficulty,  then,  is  not  the  absence  of  records  of  significant 
sites,  but  rather  that  records  of  thousands  of  sites  exist.  And  although 
archaeologists  have  resurveyed  some  of  the  sited,  vast  areas  have  not 
been  checked  since  the  original  surveys.  The  farmer,  in  the  course  of 
clearing  and  farming  his  land,  is  chiefly  responsible  for  the  destruction 
of  the  sites,  and  most  of  the  sites  have  by  now  been  destroyed. 


MINNESOTA 


This  section  contains  information  on  significant  archaeological  and 
historic  sites  in  Minnesota. 


Background 

This  format  evolved  from  problems  encountered  in  developing  an  inven 
tory  of  sites.  The  listing  of  reasons  for  not  doing  so  which  follows  is 
included  because  it  may  shed  some  light  on  future  problems  also. 

Original  plans  were  made  to  provide  an  inventory  of  Minnesota  archeo 
logical  sites  which  lie  in  the  study  area.  This  idea  was  abandoned,  how¬ 
ever,  due  to  the  following  considerations: 

1.  The  number  of  sites  in  close  proximity  to  the  river  is 
large  and  the  amount  of  work  required  to  review  existing 
records  (beginning  in  the  early  1800's)  exceeds  the 
value  of  such  an  inventory  in  this  report; 

2.  The  records  are  known  to  be  incomplete  in  many  cases, 
scanty  for  certain  areas  or  incorrect  so  that  reliability 
of  the  inventory  is  questionable; 

3.  Many  sites  once  recorded  have  been  destroyed  by  the  action 
of  others  (not  the  Corps  of  Engineers)  but  the  records 
have  never  been  updated.  Nor  has  there  ever  been  a  com¬ 
plete  systematic  inventory  of  archaeological  sites  in 
Minnesota. 

4.  In  many  cases  the  location  of  sites  given  is  not  suffi¬ 
ciently  accurate  to  determine  if  the  site  is  close  enough 
to  the  river  bank  to  be  threatened.  In  some  cases,  where 
the  bluffs  are  close  to  the  river  bed,  a  vertical  elevation 
of  many  feet  may  effectively  remove  a  site  from  any  threats 
by  water,  dredge  spoil,  or  construction.  The  records  may 
not  show  this. 

5.  The  Minnesota  State  Archaeologist  is  understandably  reluc¬ 
tant  to  publish  for  public  consumption  a  list  of  inventory 


of  archaeological  sites  because  of  risk  of  robbery,  despoli¬ 
ation,  vandalism,  or  unauthorized  unscientific  excavation. 

Such  cases  have  been  known  in  the  past.  However,  the  State 
Archaeologist  and  his  staff  have  expressed  the  willingness 
and  desire  to  assist  individuals  or  government  bodies  in 
locating  and  identifying  sites  for  preservation  or  ex¬ 
cavation  before  destruction. 

Impact  on  Prehistoric  Archaeological  Sites 

Because  the  files  of  the  State  Archaeologist  are  located  in  the 
Twin  Cities,  it  was  possible  to  engage  a  professional  archaeologist  to 
investigate  the  current  status  of  those  archaeological  sites  in  the 
Mississippi,  Minnesota,  and  St.  Croix  River  areas  in  Minnesota.  The 
report  by  consultant  Jan  Streiff  is  reproduced  here  in  its  entirety. 

A  Report  of  the  Impact  of  the  U.  S.  Army  Corps  of  Engineers  on  Prehis¬ 
toric  Archaeological  Sites  on  the  Lower  Mississippi,  Lower  St.  Croix, 
and  Lower  Minnesota  Rivers  in  Minnesota 

By  Jan  E.  Streiff,  Archaeologist,  Department  of  Anthropology,  Univer¬ 
sity  of  Minnesota,  Minneapolis. 

Introduction.  There  are  approximately  eighty-five  (85)  designated 
sites  in  the  Corps  of  Engineers  area  under  consideration  (i.e.,  the 
Mississippi  River  from  St.  Anthony  Falls  to  the  Minnesota- Iowa  border, 
the  Minnesota  River  from  Shakopee  to  Pike  Island,  and  the  St.  Croix  from 
above  Stillwater  to  Prescott).  The  information  on  these  sites  has  been 
collected  since  the  late  1 880 ' s  and  all  the  data  is  filed  in  the  Archaeo¬ 
logical  Laboratory  at  the  University. 


Although  some  of  these  sites  have  been  revisited  since  being  recorded 
and  a  few  have  been  excavated,  most  have  not  been  rechecked.  Consequently 


212 


there  are  many  unknown  things  about  most  of  the  sites  listed  in  this  re¬ 
port.  Ideally,  a  crew  should  have  been  sent  out  to  resurvev  the  river 
valleys  in  question,  to  determine  if  sites  formerly  recorded  are  still 
there  and,  if  not,  how  they  were  destroyed  --  particularly  if  by  the 
Corps  of  Engineers. 

Since  such  an  on-site  survey  was  impossible  at  this  time,  the  written 
records  will  have  to  suffice.  I  have  organized  the  known  sites  into  the 
three  categories  shown  below. 

Classification  of  Sites. 

Group  I.  These  are  sites  definitely  known  to  have  been  destroyed  by 
Corps  of  Engineers  activities.  There  are  nine  (9)  of  these  sites. 

Group  II.  These  are  sites  in  the  area  under  consideration  which 
should  not  be  affected  by  the  Corps  because  they  appear  too  high  above 
the  river  channels.  Although  they  may  never  be  flooded  by  raised  water 
levels,  they  should  be  kept  in  mind  as  possibly  being  destroyed  by  burrow 
activity,  dredging,  etc.  There  are  six  (6)  of  these  sites. 

Group  III.  This  is  the  largest  group  of  sites  (73)  within  the  Corps 
of  Engineers  area.  This  is  the  group  for  which  no  definite  classification 
can  be  given.  There  are  many  reasons: 

a.  our  site  location  description  is  too  vague  to  determine 
if  the  site  is  or  was  in  danger. 

b.  sites  which  were  destroyed,  such  as  the  mound  groups  at 
Dresbach,  but  where  we  cannot  determine  if  the  destruction 
was  carried  out  by  the  Corps  of  Engineers  dam  construction 
or  by  some  unrelated  project. 
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c.  sites,  such  as  those  on  Pig's  Eye  Island,  which  have  not 
been  reexamined  since  recorded  but  are  so  located  as  to 
be  assured  destruction  by  a  fluctuation  in  the  river  level 
or  at  least  damaged  by  erosion  by  the  river.  Any  dredging 
of  the  river  and  subsequent  depositing  of  the  debris  on 
the  nearby  shore  would  undoubtedly  cover  the  site.* 


The  Effect  of  Corps  of  Engineers  Activities  on  Archaeological  Sites 
By  Pool. 

The  following  chart  is  a  breakdown  by  pool  of  archaeological  sites 
affected  by  the  Corps  of  Engineers.  The  sites  are  listed  using  the 


groupings  defined  above. 


Pool  No. 

Group  #1* 
(destroyed) 

Group  #2 
(not  affected) 

Group  #3* 
(uncertain) 

2 

2 

1 

7 

3 

4 

2 

11 

4 

0 

1 

7 

5 

1 

0 

1 

5  or  5A 

2 

0 

3 

6 

0 

0 

1 

7 

0 

0 

7 

8 

0 

0 

6 

St.  Croix 

0 

0 

5 

Minnesota 

0 

2 

25 

9 

6 

73 

*For  a  detailed  description  of  the  sites  destroyed  by  the  Corps  of  Engi¬ 
neers  projects,  see  Appendix  1.  A  description  of  the  Group  III  sites  is 
included  in  Appendix  2. 


Conclusions.  Although  this  report  is  rather  inadequate  to  determine 
the  real  impact  of  the  Corps  of  Engineers  on  archaeological  sites  (there 


are  still  those  73  sites  for  which  we  have  no  information  on  Corps  of 
Engineers  impact),  it  does  point  up  the  great  need  for  future  surveys 
along  Minnesota's  three  greatest  rivers  to  determine  what  effect  the  Corps 
of  Engineers  will  have  on  prehistoric  sites. 

The  importance  of  these  rivers  to  life  was  no  less  important  to  the 
original  Americans  than  it  is  to  us  today.  And  it  is  vital  to  the  history 
of  the  American  Indians  that  an  attempt  be  made,  if  not  to  preserve,  then 
at  least  to  record  the  habitation  and  burial  areas  that  are  so  numerous 
along  these  waterways. 

The  Corps  of  Engineers  can  expect  that  the  professional  archaeologists 
in  Minnesota  will  do  everything  possible  to  cooperate  with  them  to  see 
that  these  ends  are  achieved. 


Jan  E.  Streiff 
University  of  Minnesota 
February  1973 
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Appendix  1 . 

Description  of  Sites  Destroyed  by  Corps  of  Engineers  Activity. 

1.  21  WA  1  Schilling  Site  located  SE  h  Sec  32  T  27N  R  21W 

A  mound  and  village  site  located  on  Grey  Cloud  Island, 
Washington  County,  Pool  #2.  Site  has  been  destroyed  by 
raised  water  level. 

2.  21  DK  1  Sorg  Site  located  NE  %  NE  %  Sec  23  T  115N  R  18W 

A  habitation  site  located  on  Spring  Lake,  Dakota  County, 
Pool  #2.  The  site  is  under  water  now. 

3.  21  GD  75  SW  %  SE  %  Sec  32  T  11 4N  R  15W 

A  group  of  45  mounds  located  on  Prairie  Island,  Goodhue 
County,  Pool  #3.  Thirty-eight  mounds  are  under  water, 

7  are  still  above  water  but  are  being  eroded  away  by  the 
river. 

4.  21  GD  1  Nauer  Site  located  NW  h  Sec  9  T  113N  15W 

A  mound  and  village  group  located  on  the  southern  tip  of 
Prairie  Island,  Goodhue  County,  Pool  #3.  The  mounds  were 
destroyed  with  the  construction  of  Lock  and  Dam  #3. 

5.  21  GD  57  Nauer  Site  located  NW  h  Sec  9  T  11 3N  R  15W 


Part  of  Site  1,  above.  Pool  #3.  Part  of  the  village  and 
several  mounds  were  destroyed  with  the  construction  of  the 
recreational  area  known  as  "Commissary  Point",  a  picnic  ground. 


216 


6.  Unnumbered  LeSueur  and  Perrot  French  Trading  Post 

This  site  is  listed  as  destroyed  through  "negative  evidence". 
The  site  is  recorded  as  being  on  Prairie  Island,  Goodhue 
County,  Pool  #3,  and  all  attempts  to  locate  the  site  have 
failed.  It  is  thus  assumed  that  because  the  post  was  on  the 
water's  edge  that  it  is  now  under  water. 

7.  Unnumbered,  Unnamed  Sec  34  T  109N  R  9W 

This  was  a  mound  and  habitation  site  at  the  mouth  of  the 
Whitewater  River,  Wabasha  County,  Pool  #5.  The  landowner 
pointed  the  site  out  to  the  State  Archaeologist  after  it 
had  been  covered  with  water. 

8.  Unnumbered  Location  T  108N  7W 

The  site  is  a  group  of  mounds  on  Prairie  Island,  Winona 
County.  The  site  was  covered  by  a  Corps  of  Engineers 
levee.  Pool  #5  or  5A. 

9.  Unnumbered  same  location  as  above. 

This  site,  although  spared  in  the  first  levee  construction, 
was  buried  with  the  addition  of  a  later  levee. 


Appendix  2. 

Location  of  Sites  Potentially  Vulnerable  to  Damage  by  Future  Construc¬ 


tion,  Operations,  and  Maintenance  Activities. 


Houston 

County 


HU  13  T104  R4 
HU  14  T104  R4 
HU  15  T104  R4 

T  =  township 
R  =  range 


HU  8  T102  R4 
HU  7  T101  R4 
HU  5  T101  R4 
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National  Register  of  Historic  Places 

Archaeological  and  Historic  Sites  in  Minnesota  in  the  Study  Area  along 
the  Mississippi,  Minnesota,  and  St.  Croix  Rivers  Which  are  Now  Listed 
in  the  National  Register  of  Historic  Places 

In  1966,  the  National  Historic  Preservation  Act  was  passed.  It 
provides  for  comprehensive  indexing  of  the  properties  in  the  nation  which 
are  significant  in  American  history,  architecture,  archaeology,  and  modern 
culture.  The  Register  is  an  official  statement  of  properties  which  merit 
preservation.  Listed  in  the  latest  (1972)  edition  of  the  National  Regis¬ 
ter  of  Historic  Places  are  the  following  sites  adjacent  to  the  Mississippi, 
Minnesota,  and  St.  Croix  Rivers  in  Minnesota.  These  sites  have  not  been 
destroyed  or  damaged  extensively  by  previous  Corps  of  Engineers  activity, 
but  must  be  considered  as  possibly  vulnerable  in  the  future: 

Fort  Snell ing  -  located  near  the  confluence  of  the  Minnesota  and 
Mississippi  Rivers  in  Hennepin  and  Dakota  Counties.  This  was 
the  State's  first  military  post  and,  until  1849,  the  north- 
westernmost  outpost  in  the  nation.  Restoration  of  the  fort  is 
continuing  and  live  interpretation  of  the  past  is  scheduled 
daily  for  visitors.  Cantonment  New  Hope,  the  site  of  the  make¬ 
shift  encampment  occupied  by  the  soldiers  who  built  Fort  Snell  - 
ing,  and  located  on  low  ground  near  the  east  end  of  the  present 
day  Mendota  Bridge  has  been  located  by  archaeological  excava¬ 
tion,  but  has  not  been  opened  to  the  public. 

Mendota  Historic  District  -  located  in  Dakota  County,  across  the 
Minnesota  and  Mississippi  Rivers  from  Fort  Snell ing.  Mendota 


is  the  oldest  permanent  white  settlement  in  Minnesota.  The 
historic  buildings  are  located  on  the  bluffs. 

St.  Anthony  Falls  Historic  District  and  Pillsbury  "A"  Mill  -  an  area 
on  the  east  and  west  banks  of  the  Mississippi  River  at  St.  An¬ 
thony  Falls  including  Nicollet  Island.  The  St.  Anthony  Falls 
district  was  the  origin  of  the  city  of  Minneapolis.  The  Falls 
area  was  rich  in  Indian  folklore,  before  it  was  first  seen  and 
described  in  1680  by  Father  Hennepin.  The  falls,  about  75 
feet  high  and  several  hundred  yards  wide,  were  originally 
valued  for  their  scenic  beauty  and  the  area  became  important 
as  a  tourist  attraction.  Later,  the  Falls  provided  power  for 
lumbering  and  flour  milling,  and  in  1882,  became  the  location 
of  the  first  hydroelectric  plant  in  the  Western  Hemisphere. 
Construction  of  a  concrete  apron  over  the  falls  to  halt  their 
once-rapid  erosion  generally  diminished  their  scenic  beauty. 

The  falls  were  bridged  in  the  1880's  by  a  stone  arch  railroad 
bridge,  still  in  constant  use,  which  is  said  to  resemble  a 
Roman  aqueduct.  The  lower  lock  and  dam  were  completed  in  1956 
and  the  upper  lock  and  dam  in  1963  by  the  Corps  of  Engineers. 

Structures  and  sites  considered  worthy  of  preservation  in  the 
area  include:  Ard  Godfrey  Cottage,  Lady  of  Lourdes  Church, 
Nicollet  Island,  the  Third  Avenue  Bridge,  Stone  Arch  Bridge, 
and  the  Pillsbury  "A"  Mill,  built  in  1881,  then  the  largest 


219 


flour  mill  in  the  world,  and  still  in  operation  today. 

Bartron  Site  -  located  in  Goodhue  County  on  the  southern  portion  of 
Prairie  Island  in  the  Mississippi  River  bottomlands,  (k  Sec  9, 

T  113N.,  R  15W).  This  is  a  relatively  undisturbed  (by  fanning) 
site  containing  possible  evidence  of  house  form,  village  arrange¬ 
ment,  and  artifacts  from  the  major  Mississippian  culture  (1000 
A.D.  to  1700  A.D.).  The  site  is  owned  by  NSP  and  has  been  ex¬ 
cavated  by  Professor  Eldon  Johnson  (State  Archaeologist).  It 
is  known  that  Pierre  Le  Sueur  spent  the  winter  of  1696  there. 

Prairie  Island  is  part  of  Sioux  Indian  Reservation  which  as  des¬ 
cribed  by  Roy  W.  Meyer  in  1961  as  "...the  last  portion  of  Good- 
hue  County  to  be  settled.  Although  often  described  as  an  is¬ 
land  in  the  Mississippi,  the  area  is  actually  a  part  of  the 
right  bank  of  that  river,  cut  off  from  the  upland  by  an  arm  of 
the  Vermillion  River  which  parallels  the  Mississippi  from  Hast¬ 
ings  to  the  lower  end  of  the  island.  Since  the  construction  in 
1938  of  Lock  and  Dam  Number  3  in  the  Mississippi  and  the  diver¬ 
sion  of  the  Vermillion,  the  "island"  has  become  a  peninsula, 
slightly  more  than  two  miles  in  width.  Prairie  Island  is  al¬ 
most  completely  flat  and  only  about  sixteen  feet  above  the 
average  water  level  of  the  river;  hence,  it  is  partially  covered 
with  lakes  and  sloughs  and  is  subject  to  flooding.  The  soil 
is  rich  in  humus,  but  sandy,  and  in  drought  years  crops  which 
mature  late  are  likely  to  dry  up."  Meyer  writes  that  muskrat 
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trapping  was  suggested  as  a  possible  source  of  income  when  the 
dam  then  being  built  raised  the  water  level  and  produced  ponds 
and  sloughs. 

Information  on  Prairie  Island  should  continue  to  be  studied. 
Suggested  sources:  the  N.  S.  P.  study  by  Eldon  Johnson,  "An 
Economic  Survey  of  the  Prairie  Island  Indian  Community"  by 
Clyde  G.  Sherman  in  Minnesota  (an  unpublished  study  in  the 
possession  of  the  Minnesota  Agency  in  Bemidji),  as  well  as 
those  listed  in  the  bibliography. 

St.  Croix  Boom  Site  -  located  three  miles  north  of  Stillwater  on  the 
St.  Croix  River  in  Washington  County.  From  1840  to  1914  this 
was  the  terminal  point  for  the  white  pine  lumber  industry.  Here 
millions  of  logs  were  sorted,  measured,  and  rafted  to  downstream 
sawmills.  The  boom  site  died  naturally  as  a  result  of  the  de¬ 
pletion  of  timber  late  in  the  19th  Century.  There  are  no  re¬ 
mains  of  the  log  boom,  but  the  general  setting  is  unimpaired. 

Marine  Mill  Site  -  located  in  Washington  County  at  Marine-on-St. 

Croix.  It  is  the  site  of  Minnesota's  first  commercial  saw  mill 
which  was  founded  in  1839.  At  present  only  the  ruins  of  the 
engine  house  and  a  marker  specify  the  site. 

Sites  Designated  as  Historic  and  Worthy  of  Preservation,  Not  Yet  Included 
in  The  National  Register,  in  Minnesota  Which  are  Adjacent  to  the  Minnesota, 
Mississippi,  and  St.  Croix  Rivers 

1)  The  historic  Old  Frontenac  area  which  includes  the  site  of  the 
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French  Fort  Beauharnais  (Goodhue  County)  located  on  Pointe  au 
Sable  along  the  Mississippi.  The  original  fort  was  flooded  its 
first  year  and  was  later  rebuilt  on  higher  ground.  Burned  and 
abandoned  in  1737,  it  was  rebuilt  and  finally  abandoned  again 
in  1756.  Nothing  remains  of  the  fort.  However,  cannon  balls 
and  lead  bullets  were  recovered  from  Lake  Pepin  in  the  1890's. 

2)  Shakopee  Historic  District  (Scott  County)  along  the  lower  bluffs 
of  the  Minnesota  River  near  Shakopee.  The  location  of  Chief 
Shakopee' s  village  from  the  1 820 ‘ s  to  1852  as  well  as  a  con¬ 
centration  of  prehistoric  Indian  mounds  and  a  grist  mill. 
Additional  buildings  of  historical  significance  are  being 
brought  to  the  site. 

3)  Silverndale  Site  and  Associated  Mounds  (Goodhue  County) 
adjacent  to  the  Red  Wing  Industrial  Park. 
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WISCONSIN 

Early  Archaeology 

Increase  A.  Lapham  recorded  the  results  of  Wisconsin  archaeological 
research  which  he  began  in  1836  in  The  Antiquities  of  Wisconsin,  published 
in  1850.  Although  his  work  was  extensive  and  continued  until  his  death 
in  1875,  it  focused  on  areas  other  than  the  Mississippi  River  Valley.  He 
described  sites  along  the  Mississippi  River  as  far  north  as  the  LaCrosse 
River;  then  concluded:  "Only  an  occasional  mound  was  observed  along  the 

valley  of  the  LaCrosse  River;  and  it  is  believed  that  no  works  of  any 

considerable  extent  exist  above  this  point  on  the  Mississippi."  See 
Figure  1. 

A  review  of  the  publications  of  Lapham,  Robert  Ritzenthaler,  and 
Charles  E.  Brown  reveal  that  Wisconsin  archaeological  and  historic  sites, 
especially  burial  mounds,  were  extensive.  The  number  of  mounds  in  Wis¬ 
consin  were  estimated  to  number  15,000.  Sites  occurred  on  and  near  the 

shores  on  nearly  every  stream  and  lake.  In  addition  to  burial  mounds, 

"sites  of  native  villages,  camps  and  workshops,  plots  of  corn  hills  and 
garden  beds;  enclosures;  burial  places  and  cemeteries;  refuse  heaps  and 
pits;  cave  shelters;  shrines;  pictograph  rocks;  boulder  mortars;  sources 
of  flint,  quartz,  quartzite  and  pipestone;  lead  diggings;  copper  mining 
pits;  stone  heaps  and  circles;  cairns;  and  trails"  are  of  interest  to  the 
Wisconsin  archaeologist.  Burial  mounds,  village  sites,  forts,  and  picto- 
graphs  are  found  in  the  Mississippi  River  Valley.  See  Figure  2. 
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Recent  Archaeology 

An  important  discovery  was  made  in  1945  by  two  Mississippi  River 
fishermen  who  "saw  some  artifacts  projecting  from  the  bank  which  had  been 
undercut  by  the  action  of  the  River."  The  "Osceola  Site"  in  Grant  County 
is  located  two  miles  south  of  Potosi  on  the  Mississippi  River  bank  (NW  % 
of  Sec.  14  T.2,  N.  Range  3,  W  of  4th  Principal  Meridian).  Excavation  of 
the  burial  mound  revealed  copper  implements,  as  well  as  projectile  points 
and  banner  stones.  The  copper  implements  provide  evidence  of  the  pre¬ 
sence  of  Indians  belonging  to  the  "Old  Copper  Culture"  who  probably 
arrived  in  the  State  about  3000  B.  C. 

The  site  had  been  damaged,  however,  by  rising  water.  Ritzenthaler 
who  described  the  site  in  1946,  stated: 

Up  to  8  years  ago  this  was  the  bank  of  the  Grant  River,  but 
the  installation  of  a  dam  at  Dubuque  raised  the  water  and 
widened  the  Mississippi  at  this  point  ...  Test  pits  re¬ 
vealed  that  the  burial  pit  extended  about  70  feet  along  the 
bank,  and  was  about  20  feet  wide  at  this  time,  but  it  must 
have  been  considerably  wider  originally  judging  from  the 
amount  of  material  washed  into  the  river. 

No  mention  was  made  about  intended  future  disposition  of  the  site.  Ritzen¬ 
thaler  also  mentioned  that  another  site,  Raisbeck,  in  Grant  County  had 
been  excavated,  but  he  did  not  give  an  exact  location.  Other  mounds  were 
located  on  the  Mississippi  River  bluffs  above  Potosi  and  were  mentioned 
in  the  1927  edition  of  Scenic  and  Historic  Wisconsin. 

Dr.  Freeman  stated  that  an  extensive  survey  of  sites  was  conducted 
in  Crawford  County  when  the  St.  Feriole  Island  buildings  were  recommended 
for  inclusion  in  the  National  Register  of  Historic  Places.  St.  Feriole 
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Island  was  originally  a  prairie  between  the  Mississippi  River  and  the 
bluffs  of  Prairie  du  Chien.  It  contained  many  burial  mounds  which  were 
not  effigy  shaped.  An  article  in  1853  by  Lapham  stated  that  the  mounds 
"are  so  near  the  river  that  their  bases  are  often  washed  by  floods." 
During  the  highest  known  flood  --  1826  --  only  the  mounds  could  be  seen 
above  the  surface  of  the  water.  The  first  fort  was  built  on  an  Indian 
mound,  as  were  several  French  homes.  Lapham  stated  that  the  mound  was 
excavated  but  that  no  remains  were  found  in  it.  He  did  note  some  remains 
of  an  "American  fort  taken  by  the  British  in  the  War  of  1812."  Lapham, 
in  visiting  the  mounds  in  1852,  found  them  "almost  entirely  obliterated 
due  to  cultivation  and  the  light  sandy  nature  of  the  materials." 

In  Pepin  County,  Ritzenthaler  reported  the  existence  of  an  Indian 
village  site,  2  miles  east  of  Pepin,  along  a  wide  terrace  to  the  Missis¬ 
sippi.  Pepin  is  £lso  mentioned  as  the  site  of  French  forts  including 
St.  Antoine,  built  in  1686,  above  the  mouth  of  Bogus  Creek.  In  Trem¬ 
pealeau  County,  Nicolls  Mound,  the  Schwert  Mounds,  and  the  Trowbridge 
site  have  been  excavated.  Perrot  State  Park  in  Trempealeau  contains 
Indian  mounds  and  the  site  of  a  log  fort  erected  by  N.  Perrot,  a  French 
explorer,  in  1685-6.  Indian  mounds  are  also  preserved  in  LaCrosse. 

In  an  article  published  in  1950,  "Wisconsin  Petroglyphs  and  Picto- 
graphs",  Ritzenthaler  enumerated  the  existence  of  the  following  petro- 
graphs.  He  did  not  specify  their  exact  location.  Their  condition  had 
been  unchecked  since  1929.  Exact  location  and  current  condition  should 
be  checked  with  the  state  archaeologist.  In  Vernon,  LaCrosse,  Crawford, 
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and  Trempealeau  Counties,  sandstone  and  limestone  cliffs  and  caves  with 
petrographs  were  recorded.  Larson  Cave  in  Vernon  County  contained  petro- 
glyphs  described  as  being  in  excellent  condition  in  1929,  Samual's  Cave, 
LaCrosse  County,  containing  petroglyphs  and  pictographs  was  first  inves¬ 
tigated  in  1879  --  and  was  still  in  excellent  condition  in  1929.  Gales- 
bluff,  LaCrosse  County,  contained  petroglyphs  carved  on  soft  limestone. 
Nearly  all  of  the  petroglyphs  in  Trempealeau  County  in  the  Trempealeau 
and  Galesville  rock  shelters  have  been  destroyed  —  either  by  road 
builders,  erosion,  or  tourists.  Pictographs  were  described  by  L.  H. 
Bunnell  in  1897,  "a  short  distance  above  Prairie  du  Chien."  Ritzen- 
thaler  did  not  report  their  present  condition. 

Future  Studies 

Dr.  Freeman  mentioned  specific  sites  which  have  been  flooded  are 
located  on  Lake  Pepin,  at  Trempealeau,  and  at  Wyalusing.  In  the  limited 
time  available,  this  author  could  not  locate  any  current  publication 
describing  the  extent  or  present  condition  of  sites  known  to  have  existed 
in  Wisconsin.  The  Wisconsin  Archaeologist,  if  reviewed  issue  by  issue, 
would  reveal  considerably  more  data  on  the  above  mentioned  sites,  as  well 
as  other,  perhaps  more  important,  sites.  However,  lack  of  time  precluded 
that  examination.  An  examination  of  that  publication,  a  review  of  the 
files  in  the  historical  society,  and  on-site  visits  would  be  required 
before  one  could  be  assured  of  an  accurate  analysis  of  present  conditions 
of  the  sites. 
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National  Register  of  Historic  Places 
In  1966,  the  National  Historic  Preservation  Act  was  passed.  It 
provides  for  comprehensive  indexing  of  the  properties  in  the  nation  which 
are  significant  in  American  history,  architecture,  archaeology,  and  modern 
culture.  The  Register  is  an  official  statement  of  properties  which  merit 
preservation. 

The  only  Wisconsin  archaeological  or  historic  site  bordering  the 

Mississippi  or  St.  Croix  rivers  listed  in  the  Register  is  in  Crawford 

County  on  St.  Feriole  Island  in  the  Mississippi  River,  at  Prairie  du  Chien. 

Astor  Fur  Warehouse,  Brisbois  House,  Dousman  Hotel,  Second  Fort  Craw¬ 
ford,  Villa  Louis 

All  of  the  above  structures  are  remains  of  the  early  settlement  of 
Prairie  du  Chien  as  an  early  fur  trade,  steamship,  and  railroad  center.  They 
were  constructed  between  1808  and  1864  and  most  are  still  under  private  owner¬ 
ship. 
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APPENDIX  C.  Methods  of  Data  Collection 

Water  samples  were  collected  at  the  surface  with  a  Kemmerer 
bottle  (capacity  =  2  liters).  The  water  temperatures  were  recorded 
immediately.  The  samples  collected  for  oxygen  determinations  were 
fixed  on  site  with  Winkler  reagents.  All  samples  were  stored  in  a 
refrigerator  until  analyses  were  completed. 

Conductivity  measurements  were  made  with  a  Type  RC  Conductivity 
Bridge  (Industrial  Instruments  Inc.,  Cedar  Grove,  N.J.).  All 
readings  were  later  converted  to  a  u  mhos  at  25C. 

Turbidity  was  determined  with  a  110  volt  Turbidimeter  (Model 
1860  Hach  (Hach  Chem.  Corp.,  Ames,  Iowa). 

Dissolved  oxygen  determinations  were  made  using  the  azide 
modification  of  the  Winkler  technique.  Determinations  were  made 
spectrophotometrically  with  a  Spectronic  20  (Bausch  and  Lomb), 
at  450  mu. 

Orthophosphate,  nitrate  nitrogen,  and  nitrite  nitrogen  determin¬ 
ations  were  made  using  Hach  reagents,  with  the  quantitative  determinations 
made  on  a  Spectronic  20  spectrophotometer. 

The  benthos  was  sampled  using  either  a  Petersen  dredge  or  an 
Eckman  dredge,  depending  upon  the  depth  and  the  consistency  of  the 
sediments.  All  samples  were  washed  through  a  #30  brass  screen,  and 
were  preserved  in  formalin  for  later  analysis.  The  samples  were 
transported  to  the  laboratory  where  they  were  placed  in  a  sugar  sol¬ 
ution  (density  =  1.16)  and  were  floated  prior  to  separation.  All 
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were  then  resuspended  in  water  for  further  visual  separation 
techniques.  The  organisms  were  then  replaced  in  formalin  prior 
to  identification. 
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data  available  for  similar  communities  at  these  latitudes  and  the 
vicinity  of  Navigation  Pool  No.  8,  a  probable  list  of  species  of  the 
most  important  plants  by  occurrence,  can  be  constructed  (TableA5,  A6). 

The  percent  occurrences  shown  are  not  for  the  Mississippi  River  basin, 
but  are  for  similar  community  situations  in  western  Wisconsin  (Curtis, 
1971). 

Algae 

Members  of  all  classes  and  virtually  all  common  orders  of  algae  are 

t 

found  in  the  waters  of  Navigation  Pool  No.  8  (Table  A7).  Total  population 
fluctuations  in  the  Mississippi  River  are  similar  to  those  found  in 
smaller  streams  and  generally  are  similar  to  those  found  in  lakes 
located  at  these  latitudes.  Whereas  these  data  describe  the  present 
situation,  data  prior  to  the  construction  of  the  locks  and  dams  are 
unavailable.  However,  there  is  no  reason  to  conclude  that  the  general 
patterns  were  not  similar.  The  construction  of  locks  and  dams  probably 
has  had  an  indirect  effect  on  phytoplankton  populations,  in  that  new 
habitats  were  created  and  are  most  likely  conducive  for  the  growth 
and  proliferation  of  certain  species.  Nutrient  cycles  were  most  likely 
altered  in  some  areas,  and  this  presumably  has  had  an  effect  on  the 
responses  of  given  species.  This  will  be  discussed  in  the  impact 
section. 

WILDLIFE 

There  are  many  wildlife  species  that  provide  hunting  and  trapping 


in  the  Upper  Mississippi  River  basin  (Table  A8).  Of  the  huntable 


